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PBEFACE. 


This Tre<ati6e, wliilo iutendcd as a sequel to tho Authors 
Introductory Text-Book,” has been pi-eparcd throughout 
as a separate and independent work. The purpose of these 
Text-Books is briefly tliis : Tlio Introd'iictonj is meant to 
exhibit a general outline of Geology intelligible to beginnci's, 
and sufficient for those who wish to become acquainted 
merely with the leading facts of the science ; the Advanced, 
on the other hand, presents the subject in detail, and is 
intended for senior pupils and those who desire to prosecute 
the study in its principles as well as deductions. Though 
thus prepared on the same plan, and the one but an exten- 
sion and development of the other, they are both inde- 
pendent elementary woi’ks, and may be taken separately or 
in sequence, according to the progress and [uirpose of tho 
student. This much may bo said, that he who has mastered 
tho Introductory will have nothing to unlearn when lie 
comes to study the Advanced, while his acquisition of tho 
science will have been rendered much more easy and agree- 
able. The x\uthor has a strong conviction on this point. In 
teaching tho construction of the steam-engine, for instance, 
the most natural course is to explain, in tho first place, its 
more prominent features— its boiler, steam-pipe, cylinder, 
piston, crank, and fly-wheel; and when the learner has 
acquired a knowledge of the relations of these parts, and the 
force which sets them in motion, then to proceed to tho 
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moto inttricato connection of valves, condenser, hot-well, 
air-pump, eccentric rods, governor, and other complicated 
machinery. By adopting this 00111*86, no confusion is created 
in the mind of the learner; he is impressed with gradual 
and permanent convictions ; has nothing to unlearn ; ai^l 
may at length proceed with 8omo degree of confidence to 
estimate the power of the entire machine, as depending 
on the consumption of fuel, the elasticity of steam, the 
dimensions of the several parts, and the force lost through 
friction. So it is with every science : Let an outline be 
given of its leading features, that the beginner may arrive 
at some notion of its purport and bearings; let this be 
followed l)y the details ; and the details by the higher reason- 
ings and philosophy of its problems. Under this conviction 
these volumes liave been prepared ; and it will be a source 
of unmingled satisfaction to the Author to find his views 
corroborated by the experience of intelligent and competent 
teachers. 

One word to those who may object that tliose Text-Books 
do not contain enough of the “ hard facts ” of the science. It 
had been an easy m.atter for tlic Author to have loaded his 
pages with minute mineral distinctions, enumeration of 
localities, and lists of fossil species ; but had he done so, he 
could not have cliosen a more efiectual plan to disgust the 
learner and retard his progi-ess. What he has aimed at was 
the production, not only of class-books for schools, but 
readable manuals for self-instruction — treatises that in their 
readableness might imbue tlic student with the spirit and 
methods of Geology, rather than cram him with its details, 
many of which, in the progressive state of the scienee, are 
merely temporary and provisional. Once furnished with pro- 
per methods, and imbued with the right spirit, the earnest 
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student has in general little diflficulty with details — every 
acquisition of his own not only widening tho basis of his 
knowledge, but increasing his power to master new difficul- 
ties as these may arise in the course of his onward progress, 
gtill more to foster this spirit, the Author has cndeavoimed 
to write as he would have spoken to a junior companion in 
the field — hopefully and encouragingly, yet not disguising 
tho real difficulties that lie in tho way — treating the subject 
as one to which tho humblest observer may contribute his 
mite, rather than attempting to propound authoritatively on 
problems, the satisfactory solution of which involves a much 
wider range of observation, and deeper and more exact re- 
search, than Geology as yet can boast of. 

Yet another word : The Author requests his brother geo- 
logists who may glance over these pages to remember that 
they are not intended to contain an exposition of his own 
peculiar views, but rather to exhibit an elementary outline 
of the science as now established by the leading workers in 
Britain, France, Germany, and America. Tho main object 
has been to render the student such assistance as will enable 
him to proceed in the field as a practical observer, and to 
read with appreciation the higher treatises, special mono- 
graphs, papers, and new discoveries of others. To further 
this object mention is made, at the end of each section, of 
tho principal works devoted to tho department in question ; 
to have done more would have been to enter on the field of 
speculative geology— a subject that lies beyond the scope of 
an educational Text-book. 

38 Gilmore Place, Edinburgh, 

March 1856 . 
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GEOLOGY. 


I. 

OBJFXTS AND SCOPE OF CEOLOOIOAL INQUIRY— INTRO- 
DUCTORY OUTLINE. 

c 

1. To (lo.seril)fi tho earth we inliabit, in all its varied as})eota 
and relations — mineral, vegetable, and animal — i.s tho obji^et of 
Natural History. It must be evident, however, that a field so 
\ast could not well be made the subject of systematic scrutiny 
without subdivision into departments ; lienee, tho sciences of 

(rcology, Oeography, Botany, Zoology, and ('hemistry each oi’ 

tluan susceptible of sejiarate re.search, yet all of them connecting, 
aiding, and combining to form one great theme of human know- 
leilge. Thus, the Geologist restricts liim.self more esjiecially to 
a (■<»nsidoratiou of the rocky or mineral structure of the earth, 
the Geographer to its external or superficial conditions, the Bota- 
nist to its various vegetable families, the Zoologist to its animal 
life, and the Chemist to the elementary composition of all its sub- 
stances, whether mineral, vegetable, or animal. Though labour- 
ing in this manner in separate departments, the one is materially 
assisted by tlie investigations of the other ; indeed there can be 
no true knowledge of any one branch of natural science without 
some acquaintance with the whole. As in nature, so in man’s 
luterpretation, all should blend into one harmonious yet de- 
I'cndent system ; and he who has the widest range of knowledge 
will best know how to avoid error and inconsistency in his own 
pccidiar field of research. The student is thus warned, at the 
tlireshold, of the connections of his science, that he may under- 
stand distinctly its individual scope and bearing, and so be pre- 
p^U'ed for its intelligent investig.ation. 

"a 
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Aim and Mothoda of tbo Science. 

2. Geology as thus indicjited (from ge, the earth, and logon, 
discourse or reasoning) may he defined as that department of 
natural science which treats of the mineral structure of our 
globe. Its object is to examine the various materials of which 
our planet is composed, to describe their appearance and rclatr c 
positions, to investigate their nature and mode of formation, and 
generally to discover the laws which seem to regulate their 
arningement. Being unable to penetrate beyond a few thou- 
sand feet into the solid substance of the earth, the researches of 
geologists are necessarily limited to its exterior shell or crust ; 
hence they speak of the “ crust of the globe,” meaning thereby 
that portion of the rocky structure accessible to human investiga- 
tion. Speculations as to the nature of the interior, as bearing on 
scientific problems, are no doul)t pennissiblc, and, aided by astro- 
nomical data, we Tuay ascertain the bulk, density, and other 
conditions of the mass ; but all this must be carefully sejmrated 
from geological deductions, which arc based on absolute facts and 
known ap])earances. The geologist has thus a clear and unmis- 
takable course before him ; his <liity is to observe, examine, and 
compare, to ascend from .a knowledge of facts to a cojisideratiou 
of the laws by which they are governed ; and thus endeavour to 
unfold, as far as human reason win, the history of the marvellous 
planet he inhabits. 

3. The materials composing the earth’s crust arc rocks of 
Various kinds— as granite, rooting-slate, marble, sandstone, coal, 
chalk, clay, and sand - some hard and compact, othei-s soft ami 
incohering. These substances do not occur indiscriminately in 
every part of the world, nor, when found, do they always lie in 
the same positions. Granite, for example, may exist in one dis- 
trict of a country, rooting-slate in another, coal in a third, and 
(^halk in a fourth. Some of these rocks occur in irregular moun- 
tain-masses, while others are spread out in regular layers or 
courses, termed strata, from the Latin word stratim, strewn or 
spread out. It is evident that substances differing so widely in 
com]iositioii and structure must have been formed under dilferent 
circumstances, and by dificrent causc.s ; and it becomes the pro- 
vince of the geologist to di.scover those causes, and thus infer the 
general conditions of the regions in which, and of the pcrio<ls 
when, such dificrent rock-substances were produced. 

4. When we sink a wadi, for instance, and dig through cer- 
tain clays, sands, and gmvcls, and find them succeeding each 
other in layers, we are instintly reminded of the oi)erations of 
water, seeing it is only by such agency that accumulations of 
clay, sand, and griivel Jire foraied at the present day. We are 
thus led to inquire as to the orimn of tno materials through 
which we dig, and to discover whether they were originally depo- 
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ill river-courses, iu lakes, in estuaries, or aloii" ,tlie sea- 
shore. In our investigation we may also detect shells, bones, ami 
irngnients of plants imbedded in the clays and sands ; and thus 
\vo have a further clue to the history of the strata througli which 
A\ e pruss, according as the shells and bones ai'o the remains of 
animals that lived iu fresh-water lakes and rivers, or inhabited 
tlio waters of the oceaii. Again, in making a railway cutting, 
i xl^'avating a tunnel, or sinking a coal-pit, we may pass through 
many successions of strata— such Jis clay, sandstone, coal, liine- 
stone, and the like ; and each succe.s.siou of strata may contain 
tlie remains or impressions of different plants and animals, yueh 
difrerenees can only be accounted for by supposing each stratum 
or s(*t of strata to have been formed by ditferent agencies and in 
different localities, — under different conditions of climate and 
under varying arrangements of sea and land, just as at the pre- 
sent day the rivei*s, estuaries, and seas of different countries are 
clianicteriscd by tlieir own special accumulations and the im- 
hedded remains of their own peculiar ])lants and aninmis. 

5. In making these investigations the geologi.st is guided by 
l)is knowledge of what is now taking place on the surface of the 
globe— reasoning from the known to the unknown, and iiscrihiug 
similar results to similar or analogous causes. Thus, at the pre- 
sent day, we see rivers carrying down mud and sand and gravel, 
and depositing these in layei*s, either iu lakes, in estuailes, or 
along the bottom of the ocean. By this p?-occss many lakes and 
estuaries luive, within a comparatively recent period, been fdled 
up and converte<l into dry land. We see also the tid(^s and waves 
wasting away the sea-eliffs in one district, and accumulating wid(^ 
tracts of .sand and gravel iu hays and otlnu* sheltered recesses. 
I>y tliis process thousands of acres of land have been wjished 
away and covered by the sea, even within the memory of man ; 
wliile by the same means new tracts have been formed in dis- 
tricts foiancrly covered by the ti<les and waves. Further, we 
learn that, during eartlupiakc convulsions, large districts of coun- 
try have sunk beneath the watci-s of the ocean ; while in otlum 
regions the sea-bottom h.-is been elevated into dry land. Volcanic 
action is also .sensibly affecting the surface of the globe convert- 
ing level tracts into mountain ridges, throwing up new islands 
i'rnm the sea, and casting forth molten lava arnl other materials, 
whicli iu time become hard and consolidated rock-ma.sses. 

6. Now, as these and other agents are at present modifying 
the surface of the globe, and changing the relative positions of sea 
aud land, so in all time past have they exerted a similar influ- 
ence, and have ncccs.sarily been the main agents employed in the 
formation of the rocky cnist which it is the province of geology 
to investigate. Not a foot of the land we now inhabit but has 
been repeatedly under the ocean, and the bed of the ocean has 
f armed as repeatedly the habitable dry land. No matter how far 
inland, or at what elevation above the sea, we now find accumu- 
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lations of sand and gravel, — no matter at what depth we discovan- 
strata of sandstone or limestone,— we know, from their composi- 
tion and arrangement, that they must have been formed under 
water, and been brought together by the operations of water, just 
as layei-s of sand and gravel and mud are accumulated or deposit- 
ed at the present day. An<l a.s eartluiuakes and volcanoes break 
up, elevate, and derange the present dry laud— here sinking one 
portion, there tilting up another, and everywhere producing rei^ts 
and fissures ; so must the fractures, derangements, and upheavals 
among the strata of the rocky crust be ascril)ed to the operation 
of similar agents in remote a/ud distant epochs. 

7. By the study of existing openitions, wo thus get a clue to 
the geological history of the globe ; and the task is rendered much 
more <lefinito and certain by an examination of tlio plants and 
animals found imbedded in the various strata. At present, shells, 
iishes, and other animals are buried in the mud or silt of lakes 
ami estuaries ; rivers also carry down the carcasses of land ani- 
mals, the trunks of trees and other vegetable drift ; and earth- 
(piakcs submerge plains and islands, with all their vegetable and 
animal inhabitants. These remains become enveloped in the 
layers of mud and sand and gravel formed by the waters, and in 
process of time are petrified {petra a stone, and /ro I become) ; that 
is, are converted into stony matter like the shells and bones found 
in the oldest strata. Now, as at present sO' in all former time 
must the rtmiains of plants and animals have been similarly pre- 
served ; and as one tribe of plants is peculiar to tlie dryphiiii, 
and another to the swampy monias, — as one family belongs to a 
temperate, and another to a tropical region, — so, from the cha- 
racter of the imbedde<l plants, are we enabled to arrive at some 
knowledge of the conditions under which they flourislied. In the 
same manner with animals : ejich tribe has its locality assigned 
it by pe(nilia.rities of food, climate, and the like ; and by compar- 
ing fossil remains (fossil, from fossus, dug up, ap})lied to all 
remains of plants and anim.als imbedded in the rocky crust) with 
existing races, we are enabled to determine many of the past con- 
ditions of the world with considerable certainty. 


Theoretical Aspects of the Science. 

8. By examining, noting, and comparing as indicated in the 
preceding paragraplis, the geologist finds that the strata compos- 
ing the earth’s crust can be arranged in series ; that one set or 
series always underlies, and is succeeded hy a diftereiit set ; and 
that each series contains the remains of plants and animals not 
to be found in any other series. Having ascertained the exist- 
ence of such a sequence among the rocky strata, his next task is 
to determine that sequence in point of time — tliat is, to deter- 
iiiiue which is the earlier and which the later formed series of 
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strata; to ascertain, if possible, the nature of the plants ap<l 
atiinials whose remains are iinbetlded in each set ; and lastly, to 
dise()\X‘r the geofp’aphical extent and limits of the successive 
scries, I'liese series he calls as having been formed 

under different conditions, and at different times ; and it is l)y a 
knowledge of these that the geologist is enabled to arrive at 
scinething like a history of the globe — imperfect, it may be, but 
still suflieient to show the numerous change's its surface lias 
undergone, and the varied and wonderful races of jdants and 
animals by which it has been successively inhabited. To map 
out the various mutations of sea and land, from the present mo- 
ment to the earliest time of which we have any ti-aees in the 
rocky strata ; to restore the forms of extinct itlanis and animals ; 
to indicate their habits, tlie climate and conditions under which 
they grew and lived, — to do all this, and trace their connection 
up to existing races in one continuous history, would be the 
trium])h, as it is now the aim, of all true geology. 

9. Such are the objects and scope of what may be termed 
Theoretical or Descriptive Geolo<j^^ a science of comparatively 
recent growth, but of higli and enduring interest. The jjroblems 
it emhiavours to solve are amongst the most attractive and 
important that can engage the ingenuity of man- leading him 
from his own jiositiou and connexion with this planet back 
through all its former ]dias(*3 and conditions to the time when it 
cjime fresh and glowing from the hand of the Creator. As a 
legitimate cultivator of natural science, the geologist bases his 
deductions oQ numerous ami w'cll-observed facts ; observes, 
collects, an<l arranges with scrupulous care ; and by such means 
proceeds from phenomena that are obvious and taking jilace 
around him to the exi)lanation of those that are more remote and 
less apparent. His object is to unfold the history of our globe as 
revealed in the composition and arrangement of the rocky crust 
whic'h is patent to his inve^^tigation, not to invent theories or 
frame hypotheses respecting the origin of matter or the ilevelop- 
meut of life— themes which may ever lie beyond the comprehen- 
sion of created intelligence. 

IH. In reading aright the facts ami ydienomena which prc.scnt 
themselves to his observation, the task of the geologist is often a 
larplexing — always an arduous one, and one rerpiiriug a vast 
amount of research and collatend information. To account, for 
example, for the aggregation and position of many rock nuisscs, 
he reipiires to be acquainted with the principles of mechanics ; to 
treat of their composition and formation, the aid of chemistry 
nmst be frequently called in ; to describe and classify the remains 
of plants and animals, he must have recourse to botany and 
zoology ; while, generally speaking, there are many of his pro- 
blems for the successful solution of which the assistance of 
almost every branch of natural science is necessary. It does not 
follow, however, that he is to make these minute researclics for 
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liiinself: it is enough for his purpose to be able to apply the 
deiluctiolis of the chemist, botanist, and zoologist to the solution 
of the particular problem before him ; in other words, to be able 
to a]>jnoc'iate their geological bearings, and arrive at the right 
interpretation of the phenomena of which they form a part. In 
doing all this the earnest student will find the pleasure of the 
lesult more than recompense for the labour incurred ; and 
whether in collecting data among the hills and mviues, by tlie 
sea-cliffs or in the mine, or in arranging and drawing from these 
data the warranted conclusion, ho will find Geology at once one of 
the most healthful and exhilarating, Jis it is intellectually one of 
the most fascinating and expanding of human pursuits. 


Practical Bearings of the Science. 

11. Nor is the science, in a practical or industrial point of 
view, of le.ss importance to man. Deriving, as we do, all our 
metallic and mineral stores — our coal and iron, our gems and 
jjrecious metals— from the crust of the earth, it is of vast utility 
to bo able to distinguisli correctly between mineral substances, to 
determine in what positions they occur, and to say where they 
are, or are not, to bo found. The miner cannot proceed a step in 
safety without the light of geological deduction, and tliougli 
guided by observation long before the tnitlis of the science 
Jissumed a technical aspect, yet do his operations proceed with 
precision and certainty only in proportion to the advancement 
of scientific generalisation. Again, the engineer in tunneling 
through hills, iu cutting canals, excavating harbours, sinking 
wells, draining morasses, and the like, must, to do Ids work 
securely and with certainty, base in a great nieasure his calcula- 
tions on the nature of the rocky materials to be passed tlj rough — 
information he can only obtain through the aid of geology. The 
architect also, in selecting his material, by attending to the forma- 
tion and textiu-e of the rock, and observing how it has been 
affected by the weather iu the cliffs And ravines, may often avoid 
the use of a wasting and worthless buildiiig-stoue ; while his 
knowledge of geological succession will enable him to detect iu 
different localities the same material. The fanner, iu like 
manner, whose soils are either formed by the disintegration of the 
subjacent rocks, or are affected by their retentive or absorbent 
nature, may leaim much useftll information from the demonstra- 
tions of geology. The study of physical geography — that is, the 
study of the surface configuration of the earth, the distribution of 
land and sea, the altitude and extent of continents, and so forth — 
in so far as it bears on the dispersion and habitats of plants and 
animals, their adaptation to certain regions, and even touching 
the development and health of man himself— can only attain the 
character and position of a science, if treated in connection with 
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the fundamental doctrines of geology. The artist and landsca])e- 
gardener may also real) substantial benefit from a stmlyof'the 
leading facts of the science ; and though sucli a knowledge, of 
itself, will make neither artists nor landscape-gardeners, it will 
often prevent them from committing unpardonable outrages on 
the landscapes of nature. Such are a few of the more obvious 
practical or economic advantages of geology— -a subject to which 
u ill advert at greater length when the student is presumed to 
be able to apply its deductions. 

12. To arrive at a rational history of the successive phases of 
the globe, is, we have said, the aim of theoretical geology ; to dis- 
cover and classify its mineral sk)res — to ascertain their position 
and determine their abundance, so as to make them available for 
the industrial purposes of life, is tlie ta.sk of tlie practical 
geologist. Combining its economic with its speculative bearings, 
geology becomes a science of high and enduring interest, and one 
whicli must shortly take a place in every course of enliglitened 
education. And, luckily for its progress, tlie objects of research, 
thoLigli often complicated and ooscure, are scattered everywhere 
around us. Not a quarry by the w.ayside, not a railway-cutting 
through which we are carried, not a moimtain-glen up wliieh we 
climb, nor a sea-cliff under which we wander, but furnishes, when 
duly observed, important lessons in geology. A hammer to 
deta(;h specimens, and a bag to carry them in, a sketch-book to 
note unusual appearances, an observing eye, and a pair of willing 
limbs, are nearly all the young student requires for the field ; and 
by inspection and comparison in some museum, and tlie diligent 
use of his text-book, he will very shortly be able to proceed in the 
study as a practical observer. Let him note every new and 
.strange appearance, handle and preserve every specimen with 
which he is not familiar— throwing nothing aside until he Iias 
become acquainted with its nature ; and thus, besides obbiining 
additional knowledge and facilitating his progress, he will shortly 
acquire the invaluable power of prompt and accurate discrimina- 
tion. 


NOTE, recapitulatory AND EXPLANATORY. 

13. In the preceding chapter we have endeavoured to explain 
that the object of geology is to investigate the structure of the • 
earth, in as far as that structure is accessible to human inve.sti- 
gation. Combining all we know of this rocky structure, from the 
top of the highest mountain to the bottom oi the deepest mine, it 
forms but an insignificant film of the four thousand miles which 
lie between the surface and centre of the globe. This film or 
outer portion is spoken of as the “ cru.st of the globe” in contra- 
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(listiuction to the interior portions, of which we can know nothing 
])y (lire(it*ohservation. Thin as this crust may appear, it is never- 
tlielesH tlie theatre of extensive, diversified, and ceaseless changes. 
Every cliange arising from the violence of the earthquake and 
voloiino, every modification resulting from the waters that cover 
or course its surface, every operation dependent on atmospheric 
agency, as well as all that a])pertains to the development of vege- 
table and animal life, is performed on or within this shell. It Ks 
thus at once the theatre of all geologicjil change, and the index to 
all true geological history. By noting the composition of its 
rocks, their position and succession, the space over which they 
spread, and the fossils they contain, the geologist is enabled to 
indicate the condition and appearance of the world during fornnn- 
epochs -to speculate as to the distribution of sea and land, the 
inlluenco of climate, and the kind of vegetables and animals that 
successively peopled its surface. To arrive at a rational history 
of the successive phases of the globe, is the aim of theoretical 
geology ; to discover and classify its mineral stores — to ascertain 
their position and determine their abundance, so as to make them 
available for the industrial pur})Oses of life, is the ta.sk of tlie 
practical geologist. Combining its economic with its s])eculative 
t)earings, geology becomes a science of high and enduring inte- 
rest, deserving the study of every cultivated mind, and the 
encouragement of every eidightened government. 

14. As a department of Natural History, geology confers, as 
well iis receives, important aid from all the co-relative branches 
of the science— more especially from Geography, Botany, Zoology, 
and Chemistry. For the solution of many of its more difficult 
problems, it also calls in the aid of Physical or Mathematical 
Science ; while not a few of its reasonings are based on Meteoro- 
logical and Astronomical considerations. It has been proposed 
by some to 8ul)stitute the term Geognosy for that of Ocohgi / — 
■geognosy (^(5 the earth, and //wosi« knowledge) implying absoiute 
knowkslge ; while geology refers more to our theoretical reason- 
ings. Tlie substitution, however, is rarely or ever adopted ; and 
for all ordinary purposes geology has become the accepted 
designation. As thus defined, the science may be viewed in three 
great jispects— Descriptive, Theoretical, and Practical ; Descriptive 
Gcologg being that which restricts itself to a consideration of 
facts and appearances ivs presented in the rocky crust ; Theoretical, 
that which attempts to account for the phenomena, and arrange 
them into a connected world-history ; and Fracticah that whieli, 
guided in its researches by the other two, treats of the mineral 
])roducts of the globe, the methods of obtaining them, and their 
application to iiulustrial or economic purposes. 

16. As a main topic, geology may also be conveniently 
studied under the three sub-sciences — Physical Geography, 
Mineralogy, and Palaeontology; the first, treating of the surface 
configuration of the globe as depending on geological influences ; 
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the second, restricting itself more especially to a consideration of the 
mineral substances wliich enter into the comi)Osition of the crust ; 
and the third (from ;palaios^ ancient— binngs — and /o/zo.s', 
reasoning), devoting itself exclusively to a consideration of the 
fossil plants and animals found in the rocky strata. Each of 
these sub-sciences can be studied intimately, and in detail, ius 
sej)arate departments ; yet it must be seen at a glance that, with- 
(M^ an acquaintance with all the three, there can be no true 
knowledge of geology. The terms Physical Geology and Lithology 
[lithoa^ a stone— and logos, reasoning) are frequently used as iii 
contradistinction to rakvontology or Organic Geology - the 
former referring to the mere rock relatii*us of the ciaisl, the 
latter to the plants ami animals imbe«lded therein. Hence we 
may treat of the lithological cliaracter of a formation without at 
all referring to its pakvontological aspects. The term Petrology 
ipetra, a rock) was at one time used for Lithology, and Oryctohgy 
[orydos, dug up) for Paheontology ; but tlmy are now seldom 
adopted. It has also been projmsed to subdivide raheontology 
into two sub-branches- {zoon, an animal), or that 

which relates to fossil animals, and PaWophytology {phyton, a 
plant), or that wliich refers alone to fossil vegebition ; but, for all 
practical purposes, the broader term Paheontology, which 
embraces all organic remains of whatever <lescription, may still 
be advantageously retained. 

in. For fuller explanations of these and other technical terms 
('inj)loyed throughout this treatise, the student is referred to the 
a|)peuded Glossmy, where he will hud not only their derivations, 
lait their peculiar applications as sanctioned by the usage of our 
leading geologists. These term.s, when once thoroughly compre- 
hended, are cpiite as easily remembered as tho.se derived from the 
language of everyday life ; while, being chiefly compounds of Greek 
and Latin, they constitute a nomenclature distinctive of, and pecu- 
liar to, the science, ami are thus readily intelligible to the scholars 
of every country. There is nothing more perplexing than a multi- 
lilicity of local and provincial terms ; and one can easily iimigiiie 
the confusion and obstruction that would arise were every country 
and district adhering to its own vernacular instead of ado}>ting 
a uniform system of terminology. The technicjilitics of science, 
often so ignomntly inveighed again.st, are in fact tlie instruments 
by which it effects its progress ; and the sooner the student can 
make himself familiar with their applications in the present in- 
stance, the more rapid and pleasant will be his onward progress. 



II. 


OKNEEAL RELATIONS, STRUCTURE, AND CONDITIONS OF 
THE EARTH. 

17. The object and scope of geology, it lias been stated, is to 
investigat(j the history of our earth as revealed in tlie structure 
of the rocky or accessible cru.st. As this .structure, however, is 
in a great measure dopeudeut on certain general relations and 
conditions ajipcrtaining to the globe as a part of the solar Hystem, 
it is Jis well to remind the student of this connection, and so place 
before him at the outset the entire data on which his own sj)ecial 
science is founded. We shall, therefore, in this chai)ter advert 
to tho.se general relations of motion, atmosphere, form, bulk, 
density, temperature, .surface configumtion, distributioii of laud 
and water, and constitution of ixjean, which must always have 
influenced, and will ever continue to control and modify, all 
geological o[)eratious. 


Planetary Relations. 

18 . Tlie origin of all geological history is change ; the cause 
of all change is motion ; and the primary motions of the earth 
are those dependent on its relations to the solar system. From 
the sun the earth derives its light, heat, and it may be other 
more subtle influeuces which Jire indispensable to the growth and 
develo|)iuent of vegetable and animal life. Light and heat are 
modified in their distributitm by the daily rotation of the earth 
on its own axis, by its annual revolution round the sun in an 
elliptiail orbit, and also by the slanting position in which it 
revolves in that orbit. From these motions, and this peculiar 
position of the earth, arise the alternations of summer and winter 
in certain latitudes, of dry and wet seasons in others, and also 
that alternate impetus and retardation wliich is given to the 
growth and reproduction of vegetable and animal life. To these 
sea.sonal differences belong in like manner those meteorological 
vicissitudes from drought to rain, from heat to frost, and from 
cjilrn to storm, wliich produce so many geological changes on the 
rock-surftices of the globe. On the earth’s relation to the suu 
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and moon — in other words, on the attractive force exerted by 
these bodies, depend also the bi-diurnal flow and ebb of the tides, 
wliicli, as will afterwards be seen, are among the most permanent 
and impoi-tant of geologicfil agents. 

19. It must be evident, therefore, from what we have thus 
briefly indicjited, that any change in the planetary relations of 
the globe would be attended not only with a change in the dis- 
tribution of light, heat, and meteorologic^al influences, but also 
with a consequent alteration in the distribution and kind of 
animal and vegetable life. As a necessary consequence also of 
auy derangement of the existing planetary relations, there would 
l)e a (diange in the tidal influences, and a diflercnt distribution of 
sea and land. As at present the polar, temperate, and tropical 
zones of the earth are all marked by striking diflerenccs, not only 
in tlieir botsxnical and zoological }is}>ects, but in the degree and 
manner in which their rock materials are wasted, shitted, and 
re-distributed ; so would any alteration in the existing ])lauetary 
inflations of the globe be attended by new and difterent phenomena. 
The student is thus apprised of these great cosmical considerations 
that he may learn to tamiliarise himself with their mutual actio;is 
and reactions, and so be prepared to appreciate aright such 
liypo theses ^are sometimes advanced to account for geological 
phenomena. " 


Atmospheric Relations. 

20. Another important consideration connected with the gene- 
ral constitution of the globe is its atmosphere or gaseous envelope 
which surrounds it on every side, and is either of itself the cause 
of numerous terrestrial changes, or the medium through which 
they are effected. This atmosphere or air is essentially composed 
of nitrogen and oxygen gases — 79 parts of the former to 21 of 
I lie latter, with a small per-centago of carbonic acid and other 
extraneous impurities. As at present constituted the air is indis- 
pensable to animal and vegetable life, and any alteration in this 
respect, however slight, would change the whole aspect of the 
vital economy. About four parts of nitrogen to one of oxygen 
forms, as we every moment experience, a breathable salubrious air ; 
the same gases in difterent proportions produce a compound (nitric 
acid or aquafortis) so corrosive that even the metals are dissolved 
by it. Carbonic acid is exhaled by animals, but inhaled and 
assimilated by plants ; any increase, therefore, in the per-centage 
of this gas on the atmosphere, while it might add to the luxuriance 
of vegetation, would be poison and death to animals. Being an 
elastic or compressible medium, the air nearest the sea-level is 
denser than that at considerjible elevations ; and by calculating 
the rate at which this rarity takes phice, it .is estimated that at 
the height of 45 miles above the sea the atmosphere becomes so 
rare or light as to be inappreciable. 
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21, We liave thus surrounding the globe a gaseous envclo])e 
45‘ miles in tliickness, liaving a cerfciin ascertainable density at 
the level of the sea (its ]u*(issure being estimated at 14^ Ib. 
avoirdupois on the square inch), and gradually becoming rarer or 
more attenuated as we ;iscend to its extreme upper limit. Through 
it the heat and light of the sun are equably diffused and modified ; 
and it is also the great recipient and diffuser of all watery vapours 
arising from the earth. Local alterations in its density (jr cxpf<u- 
sibility caused by heat and the like, produce alfi-ial currents some 
of them regular and steady, like the tnulc winds— others violent and 
fitful, as whirlwinds and hurric^anes. The atmosphere, in fine, is the 
great laboratory in which all meteorological and electrical pheno- 
mena are elaborated ; hence all the varied aspects and results of 
clouds, rains, snow, hail, and thunderstorms. These and kindred 
])henoiiiena, as will afterwards be seen, are continually ope r;i ting 
on the earth’s surtace— mechanically as rains and wbids ; chemi- 
cally JUS caibonic acid ; (dectrically as thunderstorms ; and vitally 
Jis in the sup])ort of phints jind animals. 


Figure of tho Earth. 

22. The earth, as revolving in space and surrtJfinded by its 
atmospheric envelope, is of ji globular or sjthericjil forai. The 
limits of this form have been (lefineil by astronomers with ad- 
mirable precision ; but it is enough for our present ])urpose to 
state the result in approximate numbers. Mejusiired from north 
to south bhat is, from ])ole to pole- - the diameter of the eartli is 
nejirly 71)00 mile.s ; while measured from eoKst to we.st, throngh 
the equator, the diameter is about 792(1 miles. Tho e(]uatorial 
diameter thus exceeds the polar by somewhat more than 2G 
miles, thereby producing Ji deviation from the true globular form ; 
ill other words, the earth is an oblate spheroid, flattened at either 
})o1g, and bulging out at the equator to the extent above men- 
tioned. Such a figure arises from the rapid rotation of a globular 
mass of yielding material on its own jixis, and is due to what is 
termed ‘‘ centrifugal force and such is presumed to be the ciiuse 
of the earth’s spheroidal form. 

23, We have no certain evidence, geologically speaking, of the 
earth ever hjiving been in a molten or semi-fluid condition ; but 
it is important as bearing on geological speculations to know th;it 
its figure is such as would arise from the rotation of ;i soft or 
yielding mass round its own axis. The earth’s mass, as is well 
known, is kept together by the force of gravitation ; ;ind had it 
remained at rest its form would liave been perfectly sjflierical ; 
but the moment it began to turn on its own axis, the particles of 
its mass began to obey another law, viz., that of centrifugal force, 
which exerts itself at right angles to the axis of rotation, and in 
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iiroportion to the distance from that axis. Hence the greater 
bulging out of the earth’s mass at the equator where the distance 
from the axis is greatest ; and hence also the gradual declension 
of centrifugal force as we proceed towards the poles. Gravita- 
tion and centrifugal force are thus opposable or counteracting 
powers ; and any variation in the earth’s size through expansion 
by heat or contraction by cooling, any variation in density or in 
vtiocity of rotation, would bo attended by a proportional devia- 
tion from the true form of a sphere. Geology, in attem])ting to 
account for axes of elevation and depression, for lines of fracture 
and other kindred phenomena in the earth’s crust, may guess at 
conditions of original igneous fluidity or aqueous plasticity in the 
mass, and may hint at some great law of secular contraction ; 
but it must be confessed that on these and similar points science 
is yet unable to offer anything like the certainty of demonstra- 
tion. 


Density of tho Globe. 

24. The density of the globe, as compared with the materials 
known in and upon its crust, has been ascertained witli consider- 
able precision. The average or mean density of the most ]:)re va- 
lent rocky substances is about 2| times that of water; tlie density 
of the whole globe, as ascertaine<l by astronomical experiments, 
is five times that of water- -that is, di.stillcd water, at tlie tem])c- 
rature of 00’ Fahrenheit. As a whole, therefore, the globe is of 
greater dejisity than the rock-materials which com])os(^ its crust, 
ajid consequently cannot be composed throughout of tbe.se matev 
rial.s. Besides, were it composed of .such materials, anti the law 
of gravitation acting uniformly towards the centre, a de] >th would 
be arrived at where the density of ordinary rocks would be- 
('.ome so great, as to give a mean density to the earth gi'catcr than 
that which its astronomical relations will allow. It has been 
calculated, for instance, that air, at the dej)th of 84 miles from 
the surface, would become as heavy as water ; that water, at the 
depth of 362 mile.s, would be as <leuse as quicksilver ; and that 
the density of marble, at the centre of the e,arth, would be 111) 
greater than what it is at the surface. All this leads to the sup- 
po.sitiou that the earth, in its interior parts, is composed of sub- 
stance's differing in constitution from those that compose its 
crust ; hence, to reconcile its mean density (five times tliat of 
water) with the forces of attraction and gravitation, it has been 
suggested that the central portions may consi.st of matter as 
attenuated as the lightest known gases, or even as subtle as 
light itself. Such conjectures, however, are beyond the pale of 
geological deduction, which limits itself to the accessible crust— 
to that which can be seen, hamlled, and examined. 

2o. Our knowledge of the earth as a solid mas.s, in as far as it 
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bejirs on geological speculations, may be briefly stated : — 1st, Tlie 
density of the crust is about 2^ times that of water ; 2d, Tlie 
mean density of the whole mass is five times that of water ; 3d, 
The central parts c^'innot consist of such substances as are found 
in the crust, otherwise tlieir compression towards the centre 
would produce a much greater mean density than five times that 
of water ; 4th, The condensation of the central mass must be 
counteracted by some expansive influence, such as heat, or its 
nature must be altogether diflerent from any substance with 
which we are acquainted ; and, 5th, The ponderable crust, calcu- 
lating from the astronomical phenomena of precession find nuta- 
tion, cannot be less thfin a fourth or fifth of the Cfirth’s radius - 
thiit is, cannot be much less than 800 miles. 


Tomperaturo of the Earth. 

2(). Closely connected with the density of the globe is its tem- 
piu'ature, or the amount of heat that peiwades it. As one of the 
orbs of the solar system, the earth has a variiible and irregiilfir 
surface temperature ; it luis also a temperature peculiar to the 
ro<.‘ky cru.st ; and, judging fivnn volcanic action, there i>s also 
a higher and more reimirkable iutenor or central tenipeniture. 
llespecting the surface tonperature, it may be stfited, tliat it is 
influenced from day to day, and from .scfison to season, by tho 
heat of the sun ; tliat it varies according to the latitude, i)eing 
greatest at the equator, and gradually decreasing towards the 
})oles ; that it is greatly mollified by the extent and distribution 

of sea and land- the sea and sea-coasts being more equable than 

inland continents, which experience extremes of heat in summer, 
and extremes of cold during winter ; that it is also modified by 
the absorbent or radiating nature of tho soil, according as this is 
dfirk or light coloured, dry or moist, porous or compact ; and, 
lastly, that it is notably aflccted by elevation above the mean 
level of the sefi -4he higher being the colder regions. The sur- 
face temperature of tho globe, that is, the Ifiying down of lines of 
equal heat (isothermal, isocheimal, and other linos), belongs more 
esjiecifdly to ])hysical geography ; still, so much relating to the 
distribution of plants anil aniimils — the waste of continents and 
tninsport of rock-materials - depends on a knowledge of its Icfidiug 
fiicts, that the geological student cannot be too early reminded of 
its connections find importance. 

27. The temperature of the accessible cniM is affected either by 
the direct heat of the sun, by heat generated chemically among 
its own materials, or by heat derived by conduction from the in- 
terior. During summer, for instance, the earth is warmed to a 
certain depth by the heat of the sun ; during winter, the heat is 
again given off to the surrounding atmosphere ; and though the 
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heat of one summer and the cold of one winter may differ from 
the heat and cold of others, still, on an avenige of seiu^ons, the 
results are pretty equable. It may, therefore, be laid down as an 
axiom, that in summer tlie crust of the earth at small depths is 
collier than at the surface ; and that, during winter, the crust at 
these depths is warmer than at the surface, which is more imme- 
(liatelv exposed to the passing cold. As to the heat generated 
within the crust by chemical action we have no accurate know- 
ledge, though it appears certain that magnetic and electric cur- 
rents, ;us well {IS the molecular changes incessantly taking place 
within rock-masses, could not possibly occur without the evolu- 
tion and dispersion of heat 

28. Respecting the heat of the interior^ wo see it abundantly 
manifested in hot springs, volcanoes, and the like ; and have, by 
direct experiment, been enabled to arrive Jit some inqx)rtant facts 
relative to its descending rate of increase. Thus, it has been 
ascertained that, at a certain depth in the crust of the earth, tho 
temperature remains stationary, and uninfluenced by summ(n’’s 
heat or winter’s cold ; and this depth may be reckoned ,'it from 
(!U to 90 feet, according Jis the material passtsl through is solid 
rock, clay, sand, or water. Below this dei)th, wliich Ims been 
called “ the stnituhi of invariable temperature,” it lias been found, 
by experiments in coal-pits, in artesian w^ells, and in metallifer- 
ous mines, that a rise of one <legree of Fiihrenheit’s thermometer 
fiikes phice for every 50 or 55 feet of descent ; :ind calculating 
at this rate of increase, a temperature (24(K)" Falir.) would be 
reached at a depth of 25 miles or thereby, suflicient to keep in 
fusion such rocks {is basiilt, greenstone, {iiid porphyry. At the 
same rate of incre{i.se, or even admitting, as some con tiu id, that the 
thermometer only rises one degree for every CO feet, we would, 
at the depth of 150 miles or thereby, {irrive at such a tempera- 
ture (100® Wedgewood’s pyrometer) that the most refnictory rock- 
substances would be dispersed before it like vapour. We know 
little, however, of the deportment of heat under such apre.ssureas 
iiiust exist at these depths, and can only indicate the line of rea- 
soning xvhich leads to tho general geological belief that the solid 
"r rocky crust forms but a compiratively thin film or rind, and 
that the great interior mass exiato in a state of high incandescence 
"i- molten fluidity. 

29. In a previous paragraph it was seen tliat astronomical 
<‘alculation set down the appreciable or ponderable crust at a 
thickness of 800 miles ; the proliahility has also been shown, that 
not more than 150 miles of the exterior of this can be in the con- 
dition of molten rock-matter ; while at a depth of 25 miles or 
thereby there exists a temperature suflicient to keep in fusion a 
large proportion of the ro(!ks with which we are acqiniinted at 
the surface. Throwing these results into the form of an approxi- 
iniate diagram, we shall have the dotted line a indicating the stra- 
tum of invariable temperature; 6 the limit of the solid rock- 
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cniat ; c that of tlie molten zone ; and d that of the appreciable 
or pondera]>le portion which envelopes the imknowu interior. 

Looking at the comparative thinnesa of the solid 
' crust, one can readily conceive how much it must 
be affected by any commotion in the interior 
zones, or by any contraction or expansion of 
the entire mass. Hence the tremors, the un- 
dulations, tlie upheavals and subsidences 'occa- 
sioned by eartlujuake and volcanic convulsions ; 

1 1 1 1 1 1 1 1 1 ; 1/^/ and hence also the fissures and fractures which 
everywhere traverse the rocky crust, whether 
they may have arisen from the efforts of local 
forces, or from the operations of some un- 
known but general law of secular contraction. 

30. Wliatever be the exact ju’oportions and 
conditions of the crust and interior of the earth, 
we know enough of its temperature to warrant 
the following general conclusions : - 1. I’hat the 
surface temperature is derived from the sun, 
and tlnit though variable and irregular during 
any one season, is, on an average of many sea- 
sons, capable of being laid down with con- 
siderable certainty ; 2. That the tem])erature of 
the crust, as depending on external heat, is also 
variable to the depth of from (jO to 90 feet, but 
tliat at this limit it remains stationary ; 3. That 
downwards from tliis invariable stratum the 
temperature increases at the ratio of one de- 
gree for every 50 or 55 feet, and that at this 
rate a temperature would soon bo reached suf- 
! ficient to keep in fusion tlie most refractory 

1 j roirk-substances ; 4. That this high internal tem- 

\j ])crature is ajiiKirently the cause of hot-springs, 

I volcanoes, earthquakes, and other igneous phe- 

nomena, which make themselves known at the 
surface ; and lastly, That intense as the interior heat may be, the 
surface of the globe is scarcely, if at all, affected by it (according to 
Fourier, only i^^-th of a degi'ce), owing to the weak conducting pro- 
perties of the rocky crust. 


Surface Configui-ation. 

31. Although it is properly the province of geography to 
describe the surface aspects of tlie globe, these aspects are pro- 
duced by the operations of geological agents, and again re-act in 
producing new geological phenomena. On the whole, the surface- 
coufi^iration of the glol-Kj is extremely irregular— here spreading 
out in vast plains and plateaux, there rising up in abrupt 
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mountain-chains ; here undulating in gentle hills and valleys, 
tliere sinking in deep ravines or shooting uj) in craggy preei- 
jiices ; here stretching out in fertile alluvial tields, and there in 
t x])anse3 of barren desert sand. Still, though presenting all this 
irregularity, it is possible, by tracing the direction of moun- 
tain-chains and valleys, to establish certain systems or plans of 
arrangement ; and by such aiTangemeuts to arrive at important 
conclusions respecting temperature, fall of rain, drainage, disti'i- 
bution and growth of ])lant8 and animals— in fine, at conclusions 
intimately connected with the causes now productive of geologi- 
cjvl change on the face of the glol>e. Thus, w’ithout a knowledge 
of the surface configuration of a country, the altitude and steej)- 
uess of its hills, the breadth or abruptness of its valley s, and so 
forth, it would be im|K)ssible to m-rive at any conclusion respect- 
ing the wastes caused by streams and rivers, the efi’ccts of frosts, 
snows, and glaciers, the phenomena of peri(xjic rains and inunda- 
tions, the limits and exuberance of vegetable growth, and the dis- 
tribution and dispersion of animals. 

32. In the north of Europe, for instance, the hills at an eleva- 
tion of from 5000 to 7000 feet are perpetually covered with snow, 
while the same altitude under the tropics is clothed with t he ver- 
dure of luxuriant forests. Again, under the tropics, an ele^’ation 
of a few thousand feet protluces a climate and vcget-ition akin to 
that of temperate latitudes ; while at the base of these heights 
the valley may bo teeming with the rankest growth of a tro})ical 
tiora. A snow-clad mountjiin-range cros.siug a continent fonns a 
more impassable barrier to the migration of plants and animals 
than even the ocean itself; while its crags and ravines, under the 
iutlueuce of frost and snow, avalanches .and glaciers, exhibit an 
.'unount of geological waste, .and give birth to a series of rivers of 
a totally different character from those which characterise lower 
and tlatter regions under the H.ame parallels of latitude, A coun- 
try whose valleys discharge themselve.s at right angles to the 
coast-line, and are thus exposed to the influence of the sea-breeze, 
exhibits phenomena of climate and vegetation very different from 
those exhibited in a country whose main valleys run parallel to 
tlie coast-line, and are coiisecpiently shut out frorji the ocean. 
These, and other conditions which must at once suggest themselves 
to the reflecting student, are so numerous and varied, that we evan 
thus only indicate their nature, and the results to which they 
give origin. 


Distribution of Land and Water. 


33. Intimately connected with the surfiice-configuration of tlie 
globe — fonning, indeed, one of its prominent su})erficial aspects — 
is the distribution of land and water. At present about tliree- 
fourths of the earth’s superficies is covered by water — this water 
surrounding or insmunting itself into the recesses of the land in a 
B 
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V(!ry irre<^ilar maimer. The dry land .appears in the form of con- 
tiuents niid islands ; the w.ater spreiuls out into oceans, seas, bays, 
and j^ndfs. The laml rises variously and irregularly above the 
level of tlic water, generally at somo considerable altitude, occa- 
sionally, as in the Andes and Himalayan ranges, to 27,000 and 
28,000 feet. The depth of the sea also varie.s from low shallow shores 
and shoals only a few fathoms underwater, to depths beyond the 
reach of the sounding-line, which has been sunk to full 27,000 feet 
in the South Atlantic. This relative depth of sea and altitude 
of land forma an inn)ortant cosmical consideration, as on it dc- 
jiend many of the conditions that regulate the kind and distribu- 
tion of vegetalile and aninml life. Thus, as the waters only 
occupy those portions of the earth’s surface depressed below a 
(;ertain level, it is evident that the wider these .areas of depression 
the shallower the seas, .and the greater their proportion to the dry 
land. A wider area of sea and a less elevateil suiface of conti- 
nent and islands would inateri.ally modify the temperature of the 
globe - would give rise to a milder and more equ.abic clijuate, and 
to a more general dillusion of the same .aspects of vegetable .and 
animal (existence. On the other hand, more elevated continents, 
and deeper .and more contracted seas, would be .attended with a 
diminution of general temperature, .and a bre.aking up of vege- 
bible and animal forms into numerous Ioc.al and limited .aspects. 
At present the greater proiwrtion of dry laml exists in the north- 
ern hemisphere ; .and were this laml ele'vate<l a few thousand feet, 
a great portion of it would then bo reduced to boreal conditions, 
while niuch of it would be placed altogether beyond the limits of 
organic endur.ance. The student will thus perceive how impor- 
tant the^ results depending on the relative height of land and 
depth of occain ; and will be prepared to admit how greatly tln‘ 
former conditions of the globe may luave been influenced by this 
single relation. 

34. Nor does the relative configunitiou of sea .and land exert 
a less general or importint inlluence. At present a certain mean 
annual temperature is found to nrevail over certain latitudes, and 
tins temperature or climate we know depends in a great measure 
ui)on the configur.ation of the existing continents. II, ad these 
(amtinents, therefore, been le.ss broken u|) by .se.as, had they lain 
in solid ni.asses, or ha»l they lain in an wist and west direction, in- 
steatl of stretching southward in long spur-like projections, there 
cannot be .a doubt th.at their climates would have been much 
more rigorous .and severe. On the other hand, had they been 
more broken u]) by iid.ind se.as, their me.au temperatime would 
have been increased ; and with this exalted temperature and a 
greater area ot shallow se.a exposed to evaporation, there would 
have been more genial clim.ates, greater atmospheric moisture, 
.and a more luxuriant growth of sub-troj)ic.al vegetation. Nor is 
it alone on the vibil conditions of the globe that this configuna- 
tion exerts its inlluence ; it also exercises* direct and important 



COXSTITUTION OF THE OCEAN. 


11 ) 


jreological influeiicos of a more mechauical nature, detormiu- 
tlie diiv^etiou of tidal and oceanic currents, and by niodifyin*;!; 
tlu; liei^dit and force of waves. As will afterwards be seen, tides 
and waves are most important aj^ents of j^eological change — here 
wasting and degrading, there transporting and piling up the 
waste material, and in these ceaseless operations retanled or 
augmented by the configuration of the coast-line — its headlands, 
])i^montories, and bays. The tide, that travels at the rate of six 
or eight miles an hour in the German Ocean, and rises from 12 
to 20 feet, creeps almost imperceptibly along the shores of the 
l:md-locked Baltic, where its rise is scarcely as many inches. 
The tidal phenomena of the Bay of Biscay, or the Bristol Chan- 
nel, with a rise of from 30 to 40 feet, must be altogether difiereiit 
from those of the Mediterranean, where the pulsation is swircely 
felt ; and the geological results arising from the ordinary tide 
which flows along the open co;ist of North America, can scarcely 
be compared with those <lepen<ling on the gigantic surge that 
ruslies to the height of (50 or 70 feet into the cul da sac of tlie 
Bay of Fimdy. All tliese, and similar diflerencea connected with 
tidal action, are thus directly attributable to the relative configu- 
mtion of sea and laud. So in like manner with the height and 
force of the waves ; and so also with oceanic currents like the 
I lulf Stream,” whicli are not only the tran.sj)ortcr of ])i'oducts 
from one region to another, but the equalisers of temperatuia' 
and warmth among the waters of the ocean. 


Constitution of the Ocean. 

3.7, Respecting the constitution of the ocean— that is, the com- 
ixtsition of its water, its temperature, pressure, and so forth, 
oltservafion and analysis supply the geologist with many important 
I'acts. Ujdess ahmg coasts subject to abr;ision by waves and 
tides, at the mouths of rivers, and in the course of gre.at sea- 
currents, there is very little matter mcchanicaU/i suspended, in the 
Waters of the ocean. After storms and land-floods the sea in some 
regions is turbid for many leagues off shore ; but when the storm 
and floods have subsided, the water soon regains its transparency, 
ex(;ept in such areas as the Yellow Sc.a, the Bay of Bengrd, the 
estuary of the Amazon, &c., where the river-borne debris renders 
it always less or more muddy and discoloured. The substances 
held in chemical solution are muriate of soda (common salt), sul- 
phate of soda, muriate of lime, muriate of magnesia, traces of iron, 
iodine, &c., amounting in all from to 4^ grains in the hundred of 
water. These ingredients vary in different seas, but only to the 
extent of a fracticmal per-centage. Thus it is said that the waters 
of the Southern Ocean are salter than those of the Northern ; that 
the greatest saltness takes place between 22° north and 17° south of 
the equator ; that inland seas, like the Baltic and Mediterranean, 
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though coTnniiiiiic<atmg with the ocean, are less salt than the 
ocean ; and though the saltness of the sea be pretty uniform at 
great depths, still at the surface, owing to the admixture of rain, 
river-water, iceberg-water, &c., it is not quite so salt. These 
and similar facts serve to explain certain phenomena connected 
with oceanic life, as it is from these sjiline ingredients that shell- 
fish, corals, zoopliytcs, and sea-plants derive the solid matter of 
their structures, and as it is also owing to this composition of the 
ocean that marine plants and animals assume different aspects 
from those of the land and fresh waters. 

36. Respecting the tempeniture of the ocean, though as yet 
few observ.ations have been made, we know that it is more ecpialtle 
than that of the land ; that at the depth of 40 fathoms or so it 
is pretty constant ; that it is colder in summer than the surround- 
ing atmosphere of any contiguous district, while in winter it is 
always several degi’ees higher— thus exercising the hinction of a 
great storehouse of heat for modifying and equalising the climates 
of the adjacent lands. Salt water is also less sensitive, if we may 
so speJik, to cold than fresh water — the latter freezing, as is well 
known, at 32°, while sea water is not converted into ice till the 
thermometer sinks to 28^ Fahrenheit. Again, water being slightly 
compressible, it follows that at great depths in the ocean the 
water will be denser than at the surface, and consequently wliat 
takes place near the shores will be impossible at ext.i’cmc depths. 
According to experiment, water at the depth of 1000 feet is com- 
pressed Til nth of its own bulk ; and at this rate of compression we 
know that at great de])th8 animal and va^getable life as known to 
us cannot possibly exist— the extreme depressions of seas being 
thus, like the extreme elevations of the laud, barren and lifeless 
solitudes. Further, at great deptlis, sand, mud, and all loose 
delu’is, will bo compres30<l and consolidated ; and, according to 
the experiments of Sir James Hall, even limestone could be fused 
without the loss of its carbonic acid. The elfect of depth in regu- 
lating the distribution of species is one of the prettiest problems 
in zoology, every zone from the shore seawards being characterised 
by ditferent specihe forms ; and, as will hereafter be seen, the 
comparative depths of seas of deposit may be ascertained with 
considenvl)le certainty by a study of the fos.sils found in such 
deposits. 


NOTE, RECAriTULATORY AND EXPLANATORY. 

37. In the preceding chapter we have endeavoured to present 
an outline of those general conditions and relations which belong 
to the earth as a planet, and which lie at the bottom of all the 
physical changes its surface has undergone. The minuter details 
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of these relations belong to Astronomy and Physical Geo^rajdiy ; 
but enough, we [)resiime, has been stated to convince the geoh)gi- 
cal student of the importance of such considerations, and to put 
liiin on the way of working out for himself the higher problems 
they involve. So long as tlie Ejirth is subject to the laws of the 
planetary system of which it forms a part, so long will the gene- 
ral eonditions concomitant with these laws continue to impart a 
sttftdiuess and uniformity to the geological operjitions that take 
place on its surface. No doubt, the forces of gravitation and 
lieat cannot be exerted without pTOducing motion, and motion 
implies change of place or change of condition ; but such changes 
may either constitute a limited and recurring succemon, or form 
|)art of an unlimited progresxion, of which we see only a passing 
portion, and from that portion can infer something of what has 
giUie before, and something of what is yet to follow. It is on a 
belief in this steadiness and uniformity in the operations of na- 
ture that we Iniild all our knowledge ; and, so far as science can 
discern, nothing ha.s occurred during the few thousand years ol’ 
man’s experience to invalidate the conviction. Whether, thore- 
furo, the changes our earth has undergone be part of a recurring 
succession of such moditicrations, or belong to a vast cosinical pro- 
gression, we are bound alike by .science and reason to accoun1j|for 
tliem on the principle of natural law, and to re ject every suggestion, 
liowever ingenious, which ignores this foundation. When such 
hypotheses, then, as nebular condensation, original igneous fluid- 
ity, change of axis of rotation, secular contraction of the earth’s 
mass, higlily carbonated atmosphere, the jiassage of the solar sys- 
tem through colder and warmer regions of space, and the like, 
are advanced to account for geologicjd phenomena, the student 
must receive them merely as /u/potheses, not as the “ true and 
liuljicieni causes ” of inductive philosophy. The legitimate progress 
of human science lies over a pathway of observation, fact, and 
deduction, and is little aided by conjecture^ however plausible 
and possible. If, in any instance, we cannot account for geolo- 
gical phenoihena by the existing conditions of our jilauet, and 
tlie complex operations to which their mutual relations may give 
rise, let us rather rest contented with a simple descrijition of 
a[)pearances, than appeal to causes the existence of which science 
is not yet prepared to substantiate. Let us strive first to exhaust 
tli(! normal causes existing in nature, and even then let us con- 
tinue to work and watcli, rather than fall back on the idle and 
mipliilosophical resort of abnormal conditions in primeval 
nature. 

38. Ill speaking of the General Eelations and Conditions of 
the Globe — its motions, figure, density, atmosphere, temperaturt', 
surface-configuration, and so forth — our object was to indicate 
their bearings on geological lu-oblems, not to enter ujioii a full 
statement of facts and numerical details. The student who feds 
luclined to go more fully into such particulars, and to know some- 
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tiling of tlie procoasefi by which philo.sophers have arriveil at the 
hdM to which wc liave alhnled, will find am[»le information in 
He.rsclud’H EkmcnU of Astronomy as to the planetary relations of 
the earth ; in Mrs Somervillc^s Physical (jcography all that 
appertains to the distribution of land and water, surface-con- 
tignration, and external tempei-ature ; in Johnston’s Physical 
Atlas he will tind these peenliarities depicted in a manner still 
more accessible and cornjirehensive ; in Bischof’s Physical fic- 
scarches and Bnff’s Physics of the Earth he will obtain much valii- 
able information relative to internal temperature ; in Maury’s 
Physical (Jcography of the Sea he will find all that is yet known 
with certainty res|Wting the constitution of the ocean ; while in 
( Jnyot’s JJarih and Man he will meet with an eloquent geniu'alisa- 
tion of the physical conditions as they bear on the higher pro- 
blems of vital economy. 



(;i:OLOf;iCAL AGENCIES RESULTING FROM THE GENERAL RELA- 
TIONS OF THE EARTH ; OR THOSE (’HIEFLY CONCERNED IN 

THE MODIFICATION OF ITS ROCKY CRUST. 

39. The aim of f?eology being to famish a lustory of the strac- 
tnre and ]Kist conditions of the globe, it is evident tlusre can be 
no accurate concc})iion of this structure without a knowledge of 
the causes which have chiefly operated in its production. Itcfore 
we can decipher, for instance, the geological structure of any 
locality on which we may be .situated— that is, before we caii tell 
whether its rocks are the growdh of some peaty morass or thc^ 
silt of some fresh-water lake- the sandy accumulations of some 
ancient sea-shore or the delta of an estuary- the heterogeneous 
deposit of a former sea-bottom or the cooled and consolidated 
jtrodiK'ts of volcanic eruption, we must in some measure make 
onrsodves acquainted with the mode of vegetable growth and 
decay, the o])erations of wind and water, the action of tides and 
waves and currents, the dilference between fre.sh and salt water 
accumulations, the modes of acpioous d(*])osition and of igm.'ous 
liision, and generally with the ])rincipal agents productive of 
geological change. In fact, we must learn to reason from the 
kiK.AVu to the unknown ; and from the obscurer appea.r;inces in 
the rocky crust, ajipeal to the phenomena that are IU)W taking 
]ilace beneath and around us — ever bearing in mind the differences 
that would arise from any modification of the great cosmical rela- 
tions adverted to in the preceding eha])ter. 

40. Had the exterior crust been subject to no modifying causes, 
the world would have presented the same api>earance now ;us at 
the time of its creation. The distribution of sea and land would 
have remained the same ; there would have been the same sur- 
face-arniugement of hill, and valley, and plain ; and the same 
unvarying aspects of vegetable and animal existence. Under such 
circumstances, geology, in-stead of .striving to pre.sent a consecutive 
history of change and ])rogress, would have been limited to a mere 
description of permanently enduring appearances. The case, how- 
ever, is widely different ; from the moment the earth began to 
revolve round the sun, there has been one continuous series of 
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diiinge aud progression. Alternations of heat and cold ; winds, 
frosts, arid rains ; s])riugs, streams, and rivers ; tides, waves, and 
currents ; the shivering of the cai-th<piake, ami the upheaving of 
th(} volcano ; tlie alternate growth ami decay of plants and ani- 
mals ; and the universal operations of chemical and electrical 
agency, are all continually tending to separate, to combine, and 
re-arrange the materials composing the crust of the earth. Theri* 
may be jreriods of comparative rest and quiescence, but nonorof 
stagnation or stability. The operations of nature are incessant ; 
and these results constitute one great chain of sequence, from the 
dawn of creation up to the present hour, which is in like manner 
pressing on into the hours and years that arc to follow. 

41. In a comparatively fixed and stable region like onr own, 
one is apt to underrate these results and the causes that produce 
them. We see from our infoncy the same hills and valleys, the 
same fields, and woods, and streams, and are apt to infer that 
little or no change is going forward. As we note more attentively, 
liowevtir, we begin to perceive that changes have taken place — are 
yearly, daily, and hourly taking ])lace around us. We see the 
river deepening its channel, tlw jides and waves wearing away 
the sea-clifts, the frosts and rains crumbling down the rocky sur- 
face, the estuary tilling up with sandbanks, and the lake in which 
we laved our young limbs becoming shallower, and a large portion 
of it transformed into a marsh, luxuriant with reeds ami rushes. 
If all this luis taken place during some twenty or thirty years, what, 
we naturally ask, may have taken place during centuries I— and 
what the amount of change, when centuries have been multiplied 
by centuries i Nay, more, if a few years can work such chaugea 
ill a district of comparative rest and stability, what are we to 
expect over the whole surface of the globe, and especially in 
regions whose lakes are like our seas, and compared with whose 
rivers our streams are tiny threads of w'ater — regions of extremes, 
where rains fall in torrents — where inundations deface, earth- 
quakes submerge, and volcanoes elevate and give birth to new 
moimtaiiis ? Extending his views in this manner, the attentive 
observer soon discovers that the cnist of the earth, instead of being 
a thing of permanence and stability, is subject to incessant change ; 
and as he carries his thoughts over the lapse of centuries, he can 
readily perceive how sea and land may have freipiently changed 
places — how old mountain-ranges may have sunk, and new ones 
been elevated—the betls of lakes become alluvial tracts {ad, to, 
and luo, I wash— formed by the opemtions of water), and the 
sands and muds of former shores been converted into solid 
strata. 

42. The causes which produce these changes being dependent 

on the original constitution of onr planet, are of course every- 
where present and in ^aseless operation — acting silently and 
imperceptibly in one And violently and on a gigantic scale 

ill another ; scarcely Sl(preciable in their results at one period, 
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ami producing at another the most extensive alterations on the 
sudace-conliguration of the earth. It is indispensable, then, that 
the student should have a thoi-ough com])reheusiou of their nature 
and riKHle of opemtion, and for this purtwse they may be eonveu- 
ieutly described under tlie following arrangenient : — 1. Atmo- 
spheric, or those operating tlirough the medium of the atmo- 
sphere ; 2. Aqueous, or those arising from the operations ot water ; 

Drqamc, or those depending on vegetable and animal growth ; 
4. Chemical, or those resulting from the chemical action of su))- 
stauces on each other ; and H^hpieous, or such as manifest them- 
selves in connection with some deeiJ-seated source oi heat in the 
interior of the globe. 


Aiinosphcric Agencies, 

43. Of the agents opemting on the crust of tlie globe, and 
tending to modify its structure and conditions, those connected 
with the atmosphere, though not the most powerful, are by far 
tlie most general in their diilusion. The atmosphere, as we liave 
seen, envelops the earth on every side ; acts mechanically by its 
currents of wind, chemicjilly hy tlie gtises ot which it is composed, 
mid vitally in its being indi.speusable to vegetable and animal 
life. Tlius, winds blow' and drift about all loose material, carry- 
ing them away from one spot and piling them uj) in another. 
Simli accumulations are tenned sttb-atrial, in contradistinction to 
tliose formed under water, and hence spoken of fis aqueous and 
sab-aqueous. The sandy tracts so frequent along our own shores, 
;is well as along the shores of almost every country, and known 
ius sand-drift and sand-dunes {dune being the Saxon word tor a 
iiiound or hillock), are the results of wimi-dritt — the wind carry- 
ing the dry sand left by the tides forward and landward beyond 
the reach of the waters. All expanses of shitting sand, whether 
maritime, or inland like the deserts of Africjx and Arabia, are 
Yearly modified by the same agency ; and where the aer ial cur- 
rent blows steadily for some time in one direction, as the ti’ade- 
wiiids and mon.soons of the tropics, it will carry forwai’d the 
drifting material in that direction. Hence the gradual entomb- 
ment of fields, forests, and villages that lie in the course of such 
progressive sand-waves, as on the Biscay seaboard of Fnince, and 
on the western verge of Kgypt. Results like the.se arise from the 
ordinary operations of wind ; its extraordinary operations are 
manifested in the hurricane, whirlwind, and tornado. In the 
[(receding instances winds may be regarded as directly productive 
of geological change ; while in the raising of waves and breakers 
they act indirectly in modifying the crest of the earth. 

44. Frost, which may be regarded as another mechanical phase 
of atmosphenc agency, is also, under certain latitudes, an inqiortant 
mollifying cause. The rain and moisture that enter the ti.ssures 
of clitfs, and between the particles of all rocky matter, are otten 
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frozen during winter, and in tliis state of ice expand and force 
a|)iirt these rocks and particles. When thaw comes, the particles, 
having lost their cohesion, fall asunder ; and thus, under all lati- 
tudes, and at all altitudes where frost occurs, v;ust waste is every 
winter etlected. The student may note the ctfects of frost on 
every ])loughed field, and on every cliff and railway-cutting 
around him ; liow it bre.aks up and pulverises the soil, eats 
away the cliff, and leaves every winter at its base a sloping 
mass — in geological language, a talns~oi crumbling debris. It 
is also by the action of frost that avalanches, glaciers, and ice- 
bergs are formed on mount.ains above the snow'-line ami in arctic 
regions : the a valdncha of snow and ice, which, losing its cohereiict‘, 
is launched from the mountain-side, carrying imisses of rock and 
soil and trees before it — the //focicr, or ice-lake, that gathers in 
the mountain-glen above, and slowly grinds its way to the valley 
below— - and the icebeiyj/ detached from some arctic shore, that 
floats its burden of rock and gravel to wanner latitudes, therc^ 
to drop them as it melts away on the bottom of the ocean. In 
the study of frost-operations, whether among the cliffs and gorges 
of Alpine mountains or along the shores of the Arctic Ocean, the 
observer discovers at once an important cause of present change, 
and a key to the solution of some of the most interesting of geo- 
logical proldeTns. 

45. The chemical action of the atmosphere (composed of oxygen, 
nitrogen, and carbonic acid) is observable, less or more on all ex- 
nosed surfaces. Its gases, partly by their own nature, and ])artly 
uy the moisture diffused through them, exert a wasting or wmthcr- 
in(j influence on all rocks — .softeming, loosening, and crumhling 
them down, to be more readily l)orne away by currents of wind 
and water, (larbonic ackl acts specially on all rocks containing 
lime ; oxygen rusts or oxidises those impregnated with iron ; 
moisture insiuuates itself everywhere ; and thus in a few years 
the hardest rock exhibits a we.athered or wasted surface. Particle 
after particle is loosened ; film after film falls away ; a new sur- 
face is exposed to new waste ; and in course of ages the boldest 
mountain-mass yields to this silent and almost imperceptible 
agency. In such instances as tlie above, the atmosphere acts 
(lirccth/ as a chemical agent ; where it imj)regnates rain and 
other water with its gjises, and these operate within the crust as 
springs, it acts indirectly^ though not less efficiently. 

4(5. As the diffuser of light, heat, and moisture — and these 
could not he diffused around our globe without the intervention of 
an aiu-ial medium— the atmosphere exercises important influences 
on vegetables and animals, making the surface teem with life in 
one region, and rendering it a barren w;iste in another. In tliis 
function it acts indirectly as a geological agent, the accumulations 
of vegetable and animal exuvim {ej'uvup, the cast-off products or 
remains) being the results which modify or appear iu the com- 
])osition of the rocky crust. Those products vary, of course, both 
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ill kind and exuberance, according to the amount of liglit, heat, 
;in<l moisture received at any portion of the earth’s surface, aiul 
these again are regulated by the conditions of the atmosphere. 
A dense moist atmosphere conducts and diffuses heat more 
jierfectly than a dry and highly - rari tied one; an increase of 
temperature is accomjianied by a more rapid evaporation, and a 
coiiseipient increase in the diffusion of moisture ; anil these are 
th« conditions most favourable-other things being ecpial — to the 
evulienince of vegetable and animal life. Again, sucli an increa.se 
of heat and moisture would be followed by heavier rain-falls, these 
liy more frcipient and larger rivei-s ; and thus geological I'csults 
of a purely mechanical kind would be greatly augmented. In 
fact, the reception of light and heat from the sun, tlieir diffusion 
through the atmosphere, their action on the waters of the globe, 
and tlie condiincd iiiHuence of the whole on vegetable and animal 
existence, forms one of the great primary departments of natural 
science, and the student cannot too soon familiarise himself with 
icasoniugs on their mutual bearings and results. 


A<iueou3 Agencies. 

47. The modifying causes arising from the operations of waior 
are. like those connected with the atmosphere, universal and un- 
ceasing. This aqueous agency manifests itself most prominently 
in the mechanical effects of rains, springs, stremns, rivers, waves, 
tides, and oceanic currents. Every shower tliat falls exerts a 
degriding or wasting influence on rocks, soils, and all exj)osed 
surlaces. liy entering the ])oreH of rocks and .soils, rain softens 
and loosens their cohesion, and thus renders tliem more ea,sily 
acted on by currents of wind and water. Land-floods or freshets 
also arise from rains, the melting of snow, and from hail-storms ; 
and the periodical rains of the tropics produce inundations and 
similar phenomena. The fall of rain varies in difterent countries, 
and, of course, will be attended with proportional results. In the 
iiriti.sh Islands it ranges from 24 to (50 inches, or has an average of 
al>ont 36 inches ; while in tropical countries the mean annual fall 
is upwards of 2(W inches— 229 inches having been noted in Dutch 
Luiaua, 276 in Brazil, and 302 at an elevation of 4200 feet in the 
Western (xhaiits, south of Bombay. In India, during th(^ fii-st 
twelve (lays of the rainy sea.son, upwards of 30 inches have been 
registered by the rain-gauge, and 21 inches have been known to 
tall at Cayenne in a single day 1 Accustomed to the gentle rains 
of our own island, we can scarcely form an estimate of the changes 
produced by such sudden and enonnous falls on the surtace-soil 
and river-courses of tropical countries. 

48. Streams and rivers— in fact, all water currents— act cliicfly 
in a mechanical way, and their influence depends partly on tlu; 
nature of the rocks over which they run, the rapidity of their 
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flow, and tlie size or volume of water. If the rocks over whicli 
they pass be of a soft or friable nature, they soon cut out channels, 
and trans})ort the eroded material in the state of mud, sand, and 
gi'avel to the lower level of some lake, to their estuaries, or to tlie 
bed of the ocean. Their cutting {ls well as transporting power 
is greatly aided by the rapidity of their currents ; hence the power 
of mountain torrents compared with the quiet and sluggish flow 
of the lowland river. It has been calculated, for example, tlud, a 
velocity of 3 inches per second will tear up fine clay, that 6 inches 
will lift line sand, 8 inches sand as coarse as linseed, and 12 in(!hes 
fine gravel ; while it requires a velocity of 24 inches per second to 
roll along rounded pebbles an inch in aiameter, and 30 inches i)cr 
second to sweej) angular stones of the size of a hen’s egg. During 
])i“riodical rains and land-floods the currents of rivers often greatly 
exceed this velocity ; hence the tearing up of old deposits of gravel, 
the sweeping away of bridges, and the transport of blocks many 
tons in weight— an o])eration greatly facilitated by the fact that 
stones of ordinaiy specific gravity (from 2.r> to 2.8) lose more 
than a third of their weight by being immersed in water. Nor is 
it the mere velocity of rivers which produces their eroding or 
cutting ])owcr, but the amount and nature of the debris carried 
down by their torrents — every pebble and block of shingle rubbing 
and striking and grinding still tfeeper mid deeper the channels down 
which they are borne. The geological effects of rivers on the crust 
is thus of a twofold nature — viz., to waste and wear down the 
higher lands, and then to bear along the waste material and dc- 
])Osit it in valleys, in lakes, or in the ocean, in the state of mud, 
clay, sand, or gravel. By such deposits lakes are silted or filled 
up, and become alluvial valleys ; estuaries converted into level 
plains ; and even large tracts reclaimed from the sea. 

4!). Springs, which are discharges of water from the earth, act 
both mechanically and chemically on the crust, internally as well 
.as externally. Hot or thermal springs, and those whose waters 
are imi)regnated with carbonic acid, for example, act chemically 
and internally by dissolving the rocks through which they perco- 
late in the crust of the earth ; and when they reach the siudace, 
tliey .act externally by depositing the matter which their waters 
held in solution. Such springs are common all over the globe, 
are known .as mineral i^prings^ .and generally indicate the kind of 
rock or mineral through which they h.ave percolated. Thus some 
are saline, or contain salt ; some chalybeate, or contain iron 
{chalghs, iron) ; some siliceous, or contain flint {silex ) ; some cal- 
c.areous, or contain lime [calx) ; while others give off sulphurous 
vapoui*s, or are impregnated with various mineral admixtures. 
Such springs act chemicjiUy in dissolving and re-dejwsiting 
mineral m.atter ; .and tlicy act mechanicidly in wearing and 
transporting like all laiuning waater. We know little of the 
chemical changes taking place among the rocks of the earth’s 
crust ; but, estimating from the freciuency of mineral springs 
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find their ceaseless action, the results cannot be inconsiderable. 
Tiiteriially most of the subterranean caverns and chasms in lime- 
stone districts are caused by tliis chemical action ofspring water j 
and externally such formations as the travertine limestone of 
Italy, and the siliceous sinter of the Iceland geysers, are prcMluced 
by the same agency. 

”50. As with springs and rivei’s, so with waves, tides, and 
oc4ian-currents : they all waste and wear away the sea-cl ill's in 
exposed districts, and deposit the degraded material in the state 
of mud, sand, gravel, and shingle in some sheltered locality. 
Waves, which are the immediate oft'spriug of the wunds, are ]iro- 
duced more or less on all expanses of w'ater — their dimensions 
Mtrving with the depth and extent of water, and with the force 
of the wind which sets them in motion. The degrading power 
whicli they exert on any particular coast, varies, of course, with 
tlieir own ma.gnitude as well as with the nature and position of 
the rocks exjiosed to their action. A coast line, consisting ol’soft 
(‘lays and marls, will suffer more waste than one comjiosed of 
sandstones and shales, and these again will yield more readily 
tlian clifl's of basalt and gmnite. F urther, st rata th;it dip seaward, 
and present, breakwater-like, their natural slopes to the action of 
the waves, will suffer less than those whose outerop])ing edges 
are presented to tlio storm ; and those traversed by rents and 
fissures xvill fall away miuss by mfiss as they are undermim*d, 
wliile those not so traversed will long resist in solid continuity. 
Whatever the modifying circumstances, or whatever the rate 
of waste, we see enough of wave-action along our own coast 
to convince us of the geologiwd importance of this set of 
agencies, operating as they incessantly do along tlie entire 
shore-line of the all-encircling ocean. Tidal and other oceanic 
currents, though not so universal in their operations as waves, 
are also important geologic<al agents. Sweeping witli greater or 
less velocity along exposed shores and over shallow shoals, they 
exert, like all other currents, a wasting influence ; but it is 
cluetly in their powers of transport that they manifest their 
action— all the debris borne into the ocean by rivers, produced by 
the erosion of waves, showered njKin it by volcanoes, or arising 
within it from the growth and decay of plants and animals being 
carried hither and thither, and assorted by their ebb and flow. 

oL By the operations of waiter, as described in the jireceding 
ftaragraphs, vast changes have been effected, and are still in pro- 
cess of being effected, on the surface of the globe. There is 
scarcely a country in the world which does not present numenuis 
glens and ravines and river-channels, all cut through the solid 
strata by the action of w’^ater ; hence known as valleys of erosion, 
[erosm, gnawed or wasted away). The rocky, matter thus groimd 
;uid worn awaiy is borne down by every flood, in the state of 
umd, sand, gravel, and shingle ; and when the water comes to 
rest, these fall to the bottom as sedimeni {sedere, to settle or sink 
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down). Every person must liave observed tlio rivers in his own 
district, ’how they become muddy ami turbid during floods of 
rain, and how their swollen currents eat away the banks, deepen 
the channels, and sweep away the wind and gravel down to some 
lower level. And if, during this turbid state, he will have the 
curiosity to lift a gallon of the water, and allow it to settle, he 
will be astonished at the amount of sediment or solid matter 
that falls to the bottom. Now, let him multiply this g.allon, by 
the number of gallons daily carried down by the river, and this 
day by years and centuries, and he will arrive at some faint idea 
of tlio (quantity of matter worn from the land ])y rivers, ami 
deposited by them in the ocean. In the same way as one rivei- 
grinds and cuts for itself a channel, so does every stream ami rill 
and current of water. The rain as it falls washes away what the 
winds and frosts have loosened ; the rill takes it up, and, min- 
gling it with its own burden, gives it to the stream ; the stream 
takes it up and carries it to the river ; and the river bears it to the 
ocean. Thus the whole surface of the globe is worn and grooved 
and chauiie.led— the higher places being continually worn down, 
ami the wa.stO(l material carried to a lower level. As on land, so 
along the sea-margin there is a perpetual conflict, as it were, 
beiAveen the ])owei-s of waste and accumulation — the opposing 
dills being gradually worn down, and the re.sulting debris strewn 
along the .shore or sea-l)ottom at a lower level. 

52. By processes such as these, lakes are silted up and beconu' 
marshes or plains, and estuaries and shallow seas are converted 
into tract.s of alluvial land. The ddta of the Nile (.so called from 
the A, or delta-like shape of the space enclosed by the two main 
mouths of that river), the sunderbunda or river-islands of the 
Ganges, the swamps of the Mis-sissippi and Amazon, are examples 
of such deposits on !i large scale ; but every .stream and current 
of water, however insignificant, is less or more performing a 
similar opcnitiou. Such deposits, when examined, are found tn 
consi.st of layers of mud, vegetable drift, clay, sand, and gravel, 
cxuitaining, in greater or less abundance, the remains of plants and 
animals peculiar to the country tlirough which the transporting 
rivers flowed, and alway.s in a notable degree the exuviie of the 
wnils, shells, cnistacea, Ashes, and other creature.s, which inhabiteil 
the sea of deposit. In this manner layers or strata of sedi- 
mentary matter are forming at the ])rcsent moment, and in like 
manner must they have been funned during all past ages of the 
world. 

53. On the whole, then, it may be set down as a geological 
axiom, that the tendency of all aqueous agency, whether operating 
as springs and rivers, or as tides, waves, and ocean-cuiTcnts, is to 
wear down the higher portions of the earth’s crust, and tran.spca‘t 
the material as sediment to some lower level. This sedimentary 
matter being merely floated (or mechanically/ suspended, as it i.s 
termed, in contradistinction to a chemical solution) in the current, 
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the moment the water assumes a state of quiescence it begins to 
f;iU to tl»e bottom. The heavier bodies, jis sliingle anti gravel, 
till first, next the finer particles of sand, and ultimately the light 
tloecnleut mud or clay. In this way we can account for the 
gnivelly beach of one district, the sandy shore of another, and the 
mu<ldy bottom of a third. The clayey mud of the great C!hinese 
rivers (borne down, it has been estimated, at the rate of 2,000,000 
eid)ic feet every liour) is carried far out into the Yellow Sea, 
thereby giving it a name, and ra}>idly converting it into a shallow 
lasiii ; the turbid waters of the Ganges, carrying down, it is said, 
70<»,(X)0 cubic feet per hour, discolour for many leagues the Ray of 
Bengal ; and the mud of the Amazon is observable many hundred 
miles out in the Atlantic. Thus, year after year a portion of the 
lliiiialayau Mountains is de|) 0 sited in the Bay (>f Bengal, and the 
waste of the Andes strewed along the bottom of the Atlantic, 
there to be re-formed into ncNv strahi, and constitute, it may l)e, 
the material of future continents. 


Organic Agencies. 


54. The organic causes tending to modify the crust of the 
glo1)e arc those depciidiiig on animal and vegefalde growtli. The 
term organic (from the Greek organon, a member or instrument) 
i»“«ip])lied to plants and animals, as being supplied with certain 
organs or members for the purposes of nutrition and growth. 
Their structure is said to be organic, ami they are termed organ- 
ised bodies in contradistinction to minerals which are inorganic, 
and whose increase takes place by external a<iditions, and not 
tlirough the instrumentality of any peculiar organs. As geo- 
logical agents, vegetables and animals act eitlier directly or 
iiidirt'ctly — directly in the formation of now matter, as ])eat-moss 
ainl oorid-rcefs, and indirectly in protecting the .surface fj-om 
utmosphcric or aqueous waste, as in the herbage that covers the 
j^oil. The operations of organic agemy are cea.seles.s, and all but 
universal — there being no spot on the earth’s sudace, except, per- 
haps, the snow-clad mountain-peak and the ice-bound islands of 
thi' polar regions, entirely devoid of life ; and even there peculiar 
lorms seem to manifest a periodical develojjment. The tem- 
l>ei;ite and tropical zones, however, are the great theatres of life 

generic as well jis numerical v.ariety resulting from favouralde 
conditions of light, heat, and moisture. 

55. The growth and decay of vegetables are yearly adding to 
the soil, at the .same time that they protect the surface from the 
'' asting action of rain, frost, and the like. One of the great aids 
to rapid disintegration in arctic countries and in high mountain 
districts is the absence of a superficial covering of vegetatiou--a 
covering which, on the other hand, protects the tropical soil from 
the wasting ellect.s of the heavy rains which peiiodically fall in 
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these latitudes. Accumulations of plant growth form peat-mosses, 
jungle-thickets, cypress-swamps, .and the like; aiir^the s])oils ef 
forests and the vegetable drift of rivei*s fonii raft-like ma.s.ses, all 
of which are yearly adding to the solid matter of the globe. Coal, 
ns will afterwards be seen, is but a nniss of mineralised vegeta- 
tion ; and, under favourable conditions, submerged peat-mosses, 
forests, and vegetable drift, would constitute similarly mineralised 
deposits. As familiar instances of vegetable agency wo may jx^nt 
to the peculiar plants (the sea-reed, lyme-grass, sea-pine, &c.) tliat 
spring u}) on the newly-formed sjind-dunes by the sea-shore, ami 
protect the surface from being blown and scattered about by tlu* 
winds ; to the })eat-bogs of Ireland, Scotland, Holland, and other 
countries, fonned by the gr*owth of reeds, rushes, equisetums, 
carex, sphagnum, and the like ; to the pine-rafts yearly tloated 
down by the Mississippi ; to the cypress-swamps of North Ame- 
rica ; to the jungle-growth of tropical India ; and to the man- 
grove thickets that bind and conserve the mud islands of 
the Gauges and Niger. As vegetable growth is specially in- 
thienccd by heat, light, moisture, and conditions of climate, so in 
certain regions will its geological influence be more felt than in 
others. Every region, however, has its o\vn peculiar flora ; and 
such peculiarities must have characterised less or more the vt^ge- 
tation of all fonner epochs, according as the plants flourished 
under the tropics or in the tempemte zone, in the marshy 
swamp or on the arid plain, under the open air on land, or 
under the waters at varying depths along the shores of primeval 
oceans. 

1)6, The mode in which animals tend to affect the cnist of the 
earth is chiefly by adding their waste secretions or coverings. It 
is true that the liones and other remains of the larger animals 
are often buried in the iiiud of lakes and estuaries— there in time 
to form solid petrifactions, and to leave records of the past life of 
the globe ; but such an effect is trifling compared with slieH,-b('ds, 
infusorial accumulations, and coral-reefs. Thus gregarious mol- 
luscs— as oysters, cockles, and mussels — live in beds of consider- 
able thickness, and, if entombed amid the silt of estuaries, will in 
time constitute beds of shelly limestone, like those occurring among 
the older strata. For miles along certain coasts we meet with 
thick accumulations of drifted shells : such accumulations we tirui 
in all raised beeches and marine silt ; and many of the so-callcd 
shell-marls of our ancient lakes are almost wholly composed of 
the shells of lymnaca, paludina, planorbis, and other fresh-water 
genera. The recent discoveries of the microscope have shown 
that many accumulations of whitish mud in lakes and estuaries, 
as well {US certain deposits in bogs and valleys, now silted up, are 
almost wholly composed of the siliceous and calcai'eous coverings 
of infusorial organisms (so called from being abundantly found in 
putrid vegetable infusions). We say infusorial organisms, for it 
is still matter of dispute among microscopists how many of these 
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minute forms of existence should bo classed with the vegetable, 
;in(l how many with the animal kingdom. Wlnaiever their real 
nature, they are produced with extreme r.a]»idity ; and their flinty 
and limy cases (many thousands of which are contained in a cubic 
inclf, being aggregated in countless myriads, constitute thick 
Inyei-s, as in the estuaiy of the Elbe, in the i)lains of the Amazon, 
mid in many of our own bogs ; jast as the mountain-meal (berg- 
maW) of the Swedes, the edible clay of the Amerioan Indians, and 
the ])olishing slate of Tripoli, are analogous deposits of earlier 
date's. In treating of the rock formations, we shall afterwards 
see Avliat an important part these mjnute creatures have playeil 
iu adding to the solid matter of the globe ; and were tlie aecnmu- 
latious now taking place in our seas and lakes and rivers investi- 
gated with proper care, W'o should in all likelihood discover them 
still playing as important a part iu the formation of solid rock- 
mat ter. 

. 07 . By far the most notable, as it is undoubtedly the most 
wonderful, exhibition of aiiim.al agency— or rather of animal- 
clieiiiical agency — is that of the coral zoophyte. Endowed with 
the power of secreting lime from the waters of the ocean, the 
coral animalcule rears its polypidom., or rooky stnicture {polypus, 
and a house), in the warmer latitudes of every sea-- ami 

there constructs reefs and barriers round every island and shore, 
where conditions of depth and current are favourable to its de- 
velopment. Many of these reefs extend for hundreds of leagues, 
and are of vast thickness, reminding one of the strata of limestone 
l)eloi]giug to the older formations. The zooidiyte is a]iparentl3' 
limited iu its rauge of depth, operating only wdiore jmrjietually 
’"vered by the tide, and downwaards to eighteen or twenty latlioms. 
Udtliin this range it is ceaselessly active,— elaborating lime from 
Ihe ocean, and converting it into a home for itself and its myriad 
!>i'ogciiy. Let any one examine a branch of common madrepore 
i'')i“d, count the number of cells or pores in it, rememlnT that 
each pore is the abode of an independent but united being, and 
then reflect on the thousands, of miles of coral reef now iu jiroce.ss 
ai' formation, and he will be lost in wonder at the numerical 
'‘xiil)crauce of animal life. The reef-huilding corals (for there are 
(' »rals wliich live separately or iu limited groups) ;ire of various 
families and geuem ; and the reef occurs in all stages of develop- 
ment, from the living and growing bi’anch, to a (*ompact and solid 
aggregation of limestone, scjircely to be distinguished from some 
"t the softer marbles. Partaking of the elevation or depression 

the sea-bottom, and being subject to the influence of the waves 
•md breakers, a coral-reef is not a mere narrow ledge composed of 
' arious beautifully-formed corals, but a bamer <jf limestone more 
less compact, mingled with sand, .shells, sponges, and other 
Joariue exuvhe, and often presenting a surface above the waves 
leathered and converted into soil capable of sustaining a scanty 
'■'^'getatiou. 
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Chemical Aj^^ency. 

58. T1u 3 modifyhif^ cau.ses resulting from chemical action are 
nmnorous and coinpliaited. Tlius^ the accumulation of the coral- 
reet is ])ai*tly a chemical process ; the operations of all ininci-al 
springs are more or less chemical ; and many of the phenomena 
connected with volcanoes and eartlupiakes may arise from a .'simi- 
lar source. The re.sults of electric and magnetic forces, wlietln r 
o])erating in the atniOH|jhere, as in thunderstorms and the like, ei' 
silently among the solid .sul^tiuices of the crust, may be regarded 
as (.'((ming under this head ; so that chendcal agency, though ou<' 
(it the least perceptible, may in re.ality lie one of the most 
general of nuxlifying ('auses. Laying aside, in the mean time, tlir 
changes taking place in the interior of the rocky crust by whieli 
some strata are consolidated and hardened, others .softened :iiid 
dissolved away, metallic veins formed, and new compounds ela))o- 
r;ited by the unicni of diiferent substances, we .shall contine our 
remarks to those chemical results which cldetly appear on tlie 
surf'ice, 

r>!). The lormation of coral-reefs, we have said, is partly a vital 
and ])artly a chemical pimam The living mattei’ is no doubt 
s(3ert*ted by the polype, but its subsecpient con.solidation into a 
compact rocky ma.ss is the result of chemical action (through the 
])orcolation and transfusion of carbojiated waters) among the j>ar- 
ti(des ot lime, of which tlie coral is almost wholly composed. The 
same sort of cohesion takes place among shell-beds and cnlcareoiH 
sands, otten rendering them as hard and comjiact as ordinarv 
building-stone. l)e[)osits of limestone from what are tin’ined cai- 
tyireous or petrifying .spring.s, are strictly of cherniival origin, as 
are also the .stalactites arising from the dro|)ping of calcaia'ous 
water from the roofs of cavern.s, and the st<jUa</ mites which inennt 
their doors. In this way are formed ])orou.s calc:ireous tufa or 
calc-tntl, compact calc-sinter {sinleni^ to drop), the tnivertin "i 
Italy, and other calcareous aggregations. As with lime, so in liki' 
manner with Hint or silex — many hot springs like those of Ice- 
land and the Azores de|)ositing siliceous incrustations {siliccom- 
si liter) Ilf considerable thicknes.s, or j)crmcatiug loose material, 
and binding tlnnii together with a hard flinty cement. Clay or 
alumina, sulphur, fuid other mineral matters, are also depexsited 
Largely Ironi springs, or ari.so as sublimations from fissures con- 
nected with volcanic iaction. Sulphui'ou.s mud-springs, indeed, 
are quite common in volciauic district.s, and are ince.ssantly dis- 
charging their contents in ravines and river-courses, or forming 
w ide barren tmets of hardened mud and sulphur. 

f)d. Deposits of salt, natron, and the like, are also of chemical 
origin ; and these are to bo found less or more in all tropical 
regioiys, and in many volcanic districts. Dejwsits of common salt 
(chloride of sodium) along the flat muddy shores of India, in the 
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l»ottoin of salt-lakes and the like, are familiar phenoineua. and 
where continued year after year must in time atapiire obn- 
siileralde thickness. Nitrate of sotla and nitrate of potash are 
deposited in like manner in the shallow lakes of Africa and Asia, 
anti in the ileserted river-courses of South Amei-iea ; while most 
(if the borax of commerce is derived from the lakes of (.'entral 
,\sia or the lagoons of Northern lUdy. Under this head also may 
biy lasst'd all bituminous exudations and dejxtsits, as petroleum 
and as[)halt, which eitlicr impregnate the soil and graved through 
which they percolate, or form independent dejKJsits, as the piteh 
lakes of Trinidad and Texas. 


Ij^noous or Volc,anIc A'^oncy. 

61 . The last and most imjwrtant (»f the mo<lifving causes to 
he uotieetl, are those depending on igneous or voleanie ageney 
,e//o’.'(, lire). The o})er!\tion of water, whether in the foi’m of rain, 
rivers, or waves, is to weai'down the liiglier portions of the earth’s 
crust, and transport the matter to lower loealiiies thus tending 
to reduce all to one smooth and unifonn level. This e(jnalisiiig 
tenilency of water is mainly counteracted l>y the op('rations of lire 
- the eartlnjuakc and volcano hreaking up, elevating, and pro- 
• lueing that diversity of surface so imlispeirvihlc to varii-ty in 
vegetable and animal life, Tln'se twi) forces - t be aqueous and 
igiuHJiis may be considered <is antagonistic to eacb other, and to 
them maybe ascribed the principal modifications that have taken 
or are still taking place, in the crust of the globe. As the one 
tends to (icgrjule and w^ear down, so the other tends to (ilevate 
and recamstruct ; and though the force exerted by either may 
vary at dilferent epochs, still the geneiul result is the maintenance 
<'f a habitiihlc ternunieous surface. Igneous agency, as deiamding 
on some deep-seated source of lieat with which W(! are but little 
aciiuainted. manifests itself in three grand ways - viz., in Vol- 
canoes, in Earthquakes, and ;is 4a Gradually Elevating Force. In 
tiiese exhibitions, igneous ageney acts cliemtcalf// in the fusion 
and ])rodiiction of new rock comf)Ounds, and mi-chankaU >/ in frac- 
turing, depre.ssing, and elevating, 

62. The etfcHJt of volcanoes is to elevate eitlier hy simple ex- 
I'an.siou and upheaval of the cnist, or by the repeated aeenmnla- 
tioiLs of matter ejectetl from their interior. We can re/idily con- 
ceive of large area.s of the c‘arth’.s crust being fnictured and l)oriie 
up by volcanic force from beneath, and in this way many of our 
niountain-cliaius land liill-rauge.s have .at first been fonned. At 
certain places openings or craters occur (so called from their cup- 
hke form, krat^r a cup or bowl), and from these are ejected at 
iutervals molten lav.'v, fragments of rock, ashes, dust, hot mud, 
and various gaseous exhalations. Flowing from tlie crater over 
the surrounding country, the lava, after cooling, frequently forms 
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tlijrk layers of rocky matter, varyiu" in compactness from liaiii 
Itasalt to ()j)en and porous puniice-Htone. Aslics, dust, and mu.l 
accumulate in a similar manner, eruption after eruption addin^^ to 
the hei^^dit of the itjountain, and ultimately giving to it a conie.ii 
form. In this way have the cones of Etna, Vesuvius, and llecl,i 
l)ct:n firmed ; and in this way hav'c these eruptions modified thr 
Hurrounding country, tilling up valleys, creating crags and elilVs, 
enveloping tields, and burying cities, as in the case of roinjicii •\iid 
llcrculanenm. As with these within the historic period, so with 
iijivv.ards of two hundred othew in various parts of the globe ; and 
looking at many of our older hills and moimbiin-ranges, we dis- 
cover abundant ]»roofs of a similar origin and mode of formati.^n. 
As yet we b.ave R])oke,n of vole.anoes Jis taking plaet; only on land ; 
but we liave also evidence of tbeir occurrence in the ocean, ereat- 
ii:g shoals and islands like in.any of tho.se in the Pacific. In the 
one ease, volcano(!s are teianed mh-aHrial, in the other sub-aquc(ju<. 
When taking ]dacc under water, the vulc.anic discharges (jf lav.i 
and ashes will be iuterslnititied and mingled with the sedimentary 
m.'itter of tlu^ ocean an txu'urrence we shall afterwards fiml veiy 
common among the older rock-formations. On the whole, as there 
is no modifying eau.so .so sublime in its o|)eratioiis as volcanic 
agency, .so likewise there is none more complicated or puzzling ia 
its results. Now we have outlnii'sts of molten lava, here cooling 
r;i])i(lly into a vitreous-looking ni.ass (obsidian), there cooling slowly, 
and f »rming granular ami erysLallino rocks, like bas^iltaud grecsi- 
.stone (trachyte); at another period discharging light cellular slag- 
stoiK' (immiee) ; at a third showering abroad elond.s of dust and 
aslu's over the land and adjoining sea.s ; again casting f )rth huge 
rock in.'usses and fragtuents (voleauie bombs) ; and anon giving 
rise to hot springs, mud springs, exhalations of sulphur, steam, 
and other gaseous products. 

fid. Eartiupiakes, which are intimately ius.sociated with vol- 
canoes, ^)r^duee niixlitieatious of the ejudh’s crust chielly by frae- 
lui'o, subsidence, and elevation. During their convulsions the 
level plain may be thrown into abrupt heights, rent with 
ebasms and ravines, or even be submerged beneath the ocean, 
'riicir gcmeral tendency is, therefore, like that of voleanoe.s, !•> 
diversify the surface of the globe, ami to render irregular what 
atpieous agency is‘|)erpetiuilly striving to render sinootli and uui- 
f)i’m. During violent convulsions, extensive alterations are 
sometimes [)ro(iueed on the face of a country ; and of such changes, 
in Southern Italy, Iceland, India, the West Indies, Mexico, 
and other volcanic regions, wo have frequent and abundant 
retard within the historical era. Even within the ])resent cen- 
tury, M^e know that a large ti-act at the mouth of the Indus was 
submerged, while a new district was ralseil from beneath the 
ocean ; that the coast of Chili for many leagues was permanently 
elevated from six to ten feet; and that in the West India Is- 
lands, liarbours have been sunk, towns destroyed, and rivers 
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fnmi their fonner courses!. The npcrations of earth- 
(jiiek-'S ninst liavo been similar in all time past, ami to them 
must be ;iseril)e(l many of the fraetnros, tlislocatioiis, ami eontur- 
(inii.-f so prevalent among the earlier roek-formations (.if the 

Jol)e. 

hh The gratlually-t'levating forces connected with igiuMUis 
;i are h‘ss obvious than the volcano .'uul earth(piake, but not 
nji*tliat aeeouiit the less imporbint or general. At juvsent it is 
known, from repeated observation, that the sliores of the Ikdtic 
;ire gradually rising above the waters, at the rate, it is estimat(‘(l, 
I'f fniir feet in a eentiiry; and large tracts along the \vest(‘ni 
sleu'es of Soutli America exhibit similar n|)rises. Such iijuises, 
n'U being very perceptible, are apt to be umler-estim.ated, or even 
hi>regarde‘d ; but wlieii we east our eye along the sliores of our 
nwn island, and diseover various ancient beaches or slioredim's 
'tivtohing along above the present sea-level, at t'levatioiis varying 
t'roiii ten, twenty, fu'ty, and sixty, to one hnndreil feet ami up- 
wards, we are then jirejiared to admit that sueli gradual uprises 
must be extensively motlifying the appearance and conditions of 
lilt' glnlie. Nor is it alone the contigiinition and extent of the 
li'i ri >tj-ial surface tliat are affecte*! by tliis jirocess ; we know 
that the generic distribution of jilaiits and animals is governed, 
in a great measure, by altitmle above the scxi ; ami om> eati 
readily perceive liow such gradual uprises of the land must be 
civulually changing the oharaeter and distribution of the life iqion 
its surface. Nor is it ten’estrial existence alone that is inlliieneed 
by such ujilieavals : tlie se^a-bottom is partaking of the same up- 
rise, ainl marine life is even more sensitive than tern^strial to 
I'hanges of depth and sea-bottom. Every zone, from the slmre 
daily covered by the tides to tlie greatest vital depths, is ehnrac- 
t 'tised by its (A\n peculiar sea-weeds and shell-lish, ami these 
luust necessarily be inthieueed, in their kind and distriluition, by 
I Very elevati<.»n and submergence of the searbottom they inhabit. 

05. Tims, in the British se-xs, naturalists point out four gntat 
^'.'•nes of life—the Littoral, the Laminarian, the Condline, ami 
< '"ral, Tlie JAttoral lies between high and low- water mark 
yarying in extent according to the rise and fall of the tide and 
the shallowness of the shore), and is chai'acteriscd, jus the bottom 
tu.iy he rocky, sandy, or muddy, by such niollusca as tlie jien- 
" inkle, limpet, mussel, cockle, razor.shell, &c., and liysueh plants 
as the liladaerwrack, dulse, ami carigeen. The Lfmlnarltm eom- 
iru‘MC(!s at low'-w;iter mark, and extends to a <lepth of from 4t) to 
dn feet, and is ehnraetm'ised, jus its name implies, by the broad 
'waiving sea-tangle and larger algae, by star-fishes, the common 
!'liimis, l)y tiibularia, modiola, and pulljustra. The Condlint; 
' xtemis from 90 ta about 300 feet in depth, and is, in our lati- 
tides, the great theatre of marine life ; the common sea-weeds 
'aaise, and corallines luxuriate ; the onlinary shore shells disap- 
h'-ar, and buecimim, fiisus, trochius, venus, pecten, and the like, 
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ribound. The Coral zone, as its name implies, is the region of the 
eah areous and stronger corals, and extends from 300 to t)0<) feet— 
a (h'pth rarely found in true British se.'us-— but where found eha- 
raeterised by forms of star-fisli, cidaris, and brachiopod mollusca, 
wliich ( 3 annot exist in sliallower waters. Any derangement, there- 
I'ure, of these zones caused by volcanic or eartlupiake disturh- 
arico— whether sudden or gradual— -would necessarily be followed 
by a change in their fauna and flora, perhaps by a total extinction 
of many genera and species from these waters. As along our own 
shores, so all over the globe— the laws of organic developiniMit 
and distril)ution vary with external physical conditions ; and with 
the numerous causes whiidi may alter and modify these; coinlit ions, 
tlie student of geology cannot too soon render himself familiar. 


NOTE, UECAIMTULATOUV AND EXPLANATORY. 

(1(1. In the preceding cha|)ter we have given a general outline 
of the causes now tending to modify the crust of the earth ; that 
is, of the piMncii)al agencies concerned in the ]»roduction of all 
g(;ologic.‘d change. 1'hese, wo have said, are the Atmospheri;’, 
the A(pieous, the Organic, the Chemical, and the Igneous or 
Vohvanic. By one or other of the.se agencie.s, or by a combina- 
tion of them, are all tin; changes now taking place on the glolie 
etfected ; and as we are warranted in concluding that these 
agents have similarly operated tliroiigh all previou.s time, so to 
them must be ascribed the formation and structure of the solid 
crust. Rains, winds, ami frosts must have always weathered and 
worn down ; s})rings, streams, and rivers must have always cut 
for themselves channels, and transp(>rte«l the erodeil material to 
l.ikes and seas, there to be spread out in layei's or strabi ; and in 
these accMimulations must the remains of plants and animals have 
been entombed, some swept from the land, and othera buried as 
they lived in the waters. In this way, and by calling in the aid 
of chemical aiul organic agency to explain the occurrence of cer- 
t.iin mineral dejx^sits and accumulations of vegetable and animal 
growth, we can account for tlie fonnation of all rocks which occur 
in layers or strata. On the other hand, as volcanic agency now 
breaks up the crust of the earth, elevating some portions and sub- 
merging others, and anon custiug forth, frc»m rents and crater.^, 
nuusses of molten matter, and showers of dust and {ishe.s, so in 
former times must the same agency have fractured and contorted 
the solid strata, and cast forth molten matter, which, when cooled 
down, would form rock-masses, in which no layers or lines of de- 
posit could appear. Besides modifying the earth’s crust by u])- 
lieaval and aisruptiou, volcanic agency also produces a peculiar 
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rlois'i cf rocks ; and tliese are fouinl almndautly in all regions, 
iVom the recent lavas of Etna and Vesuvius, to the basidts, groefi- 
simu-s, and granites of our own hills. 

(i7. We have thus, on and within the globe, a variety of agents 
oiaselessly active, and eea.selessly productive of change! Tlie re- 
sult of their operations is, and has ever been, the lU'oduetion of 
new rocks and new rock-arrangements ; and the more we know’ 
uf ;lie operations, the better will we be able to ajtpreciate tlieir 
r< suits. In the words of Sir Henry Do La Beche ; ‘‘As geolo- 
;,Mcal knowledge advances, the more evident does it Iteconie that 
we slioiild first luscerttiin the various modifications and changes 
which now take place on the surface of the earth, carefully con- 
<-i(lcring their causes, and then proceed to employ this knowledge, 
so f;ir as it can 1)0 made applicable, in explanation of the facts 
seen in eonneetioii with the geological accumulations of prit)r 
(late. This done, w'e should proceed to view those not thus ex- 
plained, with reference to the conditions and arnmgenients of 
matter wliioh the form of our planet, the known distribution of 
its heat, the temj)erature of the surrounding space, and other 
<tbviuus circumstances, may lead us to infer would be })robable 
during the lapse of geological time.” Than this tliere is no other 
key to the interpretation of the terrestrial reeor<l ; and to aserilxj 
what wo wuinot thus explain to “ eabistrophes,” “ cataclysms,” and 
“ icvolutions of the globe,” is hut to confess our innlVility to com- 
prehend the plienomcna in question. JiHW is operating everv- 
uhere, and where we fail in tnieing its connection, it is Ix'tter to 
rest satisfied with a faithful description of facts, than do violence 
to nature by a|)peals to the reign of disorder and confusion, d'he 
student cannot, therefore, pay too much attention to tliis de]>art- 
iiieiit of his science ; and luckily for his progress it is treated in 
fidiuiralilo detail 1)y Sir (diaries Lyell in his Pnncijjhn of (Jeo- 
lo'jil, and by Sir Henry De La Beche in his (Jeolof/ical Olm'rver 
-works devoted exclusively to a consideration of the o]»eration.s 
and changes now taking place on the crust of our ])lanet. 



GKNKUAL AIIRANOEMENT AND RELATIONS OF THE MATERIAL' 
(OMI’OSINO THE EAHTH’s CRL'ST. 


( 18 . 'riiE terrestrial enist accessible to luimaii rcsc.Mrcli is coin- 
jiosed of solid substances, all known to the <,^eoloi(ist by the innii.' 
of those rooks the ju'oducts of the operations described iu 

(he proeeiliii'^ chapter. No matter whether in the state of soft 
and yielding clay, of incoherent sand and j^ravel, of dull earthy 
chalk or sj^arkling crystalline marble, of friable samlstone or of 
the liardc'st granite - all are spoken of a.s “rocks” and “rock-for- 
mations.” in this sense the term rock is purely technical, and 
ditfens from the ordinary application of the word, which refiu's 
more particularly to hard and indurated nuusses. The crust of 
the earth, then, from the superficial soil to the limit of the great- 
est aceesaihle de[)th, consists of rock.s ; and to ascertain how these 
are arranged, of what they .are composed, and what their geiuual 
distinguishing feature.s, is the object of the nresent chapti-r. It 
must 1)0 obvious that without such knowledge it would be im- 
possible to make any systematic cla.s.sification of these materials, 
so as to arrive at detinito notions respecting the causes and con- 
ditions that j)revailed on the crust of the globe at the time of 
their formation. 


Stratified or Sedimentary Hocks. 

(!l). Judging fipom the operations of the modifying causes ex- 
plained in the preceding chapter, one would natuj'ally infer tlmt 
all matter deposited as sediment from water will he arranged 
in layers along the bottom. Tine mud ami clay readily arrange 
themselves in this manner, and sand and grivel are also spread 
out in layers or beds more or less regulaix In course of time a 
series of bods will thus bt? formed, lying one alwve another in 
somewhat parallel order, thicker, it may he, at one place than 
another, but still preserving a marked horizoiitality, and showing 
distinctly their lines of separat ion or de[K)sit. Thus the miscel- 
laneous ikbris (a convenient French term for all waste or w'orn 
material, wreck or rubbish) borne down by a river will arrange 
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it . -If ill such layoi-s along tlic bottom of a lake- -tlic sliingle ami 
L,a-avi‘I falling first to tlio bottom, next the finer saml, and, lastly, 


SiUR 
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I lie inipaljiable mud or clay, aa represonted in tlio ]>ro(vding dia- 
:;raiu. As in lakes, so also in estuaries and seas ; and as l»v the 
ag ncy of rivers, so in like manner by tin; action of \va\a>s, tides, 
nid ocean eniTeiits, wliieh are ceaselessly abnuling the sea-coast 
in one distriet, and tninsjvortiug the dehris to another, wlicre it 
is spread out in layers, nil less or more liorizontal. In ])roeess of 
liinr, according to the matter of whieh they are composed, the 
'li gree of pressure to which tliey are subjected, and the amount 
‘ f chemical change their jiarticles may midergo, these layers he- 
'■oine hard and stony— sand being consolidated into sandstone, 
gravel into conglomerate, mud into .shale, and so on of other 
ingredients. As at present so in all time jiast, similar deposits in 
water must have taken place ; and one cannot ex.imitie the face 
"1 a ipiarry, a sea-clitf, or railway-cutting, without o)>serving how 
Very ge.ner.ally the i-ocks are armnged into beds and layei-s. These 
layers are technicKlly known as strata (pliind of stratum, strewn 
spread out) ; hence all rocks arranged in layers th.at is, aris- 
in;r trorn deposition or sediments in water- are teniuMl oy/e'o?/s, 
Iluamtary, or stratified, i fere, then, we have one great division’ 
"t tile rock materials ooin{)oaing the crust ; namely, thosi‘ ai-ranged 
hi stnita, and lienee presumeil to have ilerived that arrangement 
li oin the ordinary .sedimeiitiiry operations of water. 


Tnstratifiod or fgnoous Rocks. 

<•>. On the other hand, when we examine the rocky m.'itter 
<.i' Ctcd from volcanoes, we observe no siieli lines of dej^osit, and 
'1'' sueli horizontality of arrangement. In genend, they biii-st 
through the stnitifie<l rocks, or s])re;ul over them in mountain 
iiiasscH of no detenninate form— here appearing as walls, tilling 
'ip ri-nts .and cliasms— there ri.sing up in huge conical hills and in 
•'iiothei- region flowing irregularly over the surface in streams of 
t'l'a. whicl), when cooled, fonii a rock le.ss or more cf<mpact, ami 
i‘"t unfrequeutly of crystalliseei texture. When such rocks are 
'inarried or cut througli, they do not present a succession of I.ayers 
"1* strata, but appear in arnorphoiis masses ; that is, masses of no 
giilar or detenninate form («, w'itliout, and morph'e^ form or 
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shape). Thus, in C(jimection witli tlie stratified rocks, they j)rcseiit 
soiuetiiiuff like the annexed ajjpearance, — A A A beinf^ stratified 
or sedirnentary rocks lying bed above bed ; B B being tlie igneous, 
rising up in massive and irregular funiis. 



Rlratifi'xl and (Jiislralifl' d llocka. 


Beferring to their origin, they arc s])oken of a,s igncov.^ or 
cdtiic; and in contradistinction to the acpieous rocks, they art‘ 
t(?rmed the unstratified. We have thus, in the crust of the globr, 
two great divisions of rocks, the stratified and unstratifjkd 
the one depending on the openitions of water, the otlier residting 
from the operations of fire ; and, as we shall afterwanls see, to 
one orotlu^rof those divisions do all rock-form.ations belong, how- 
(!ver much broken up, displaced, and contorted, or how great so- 
ever tlie changes that have subsciiueutly taken place in tlieii- 
mineral composition. 


Ilolations of Stmtifiod and Unstratifiod Rocks. 

Vl. f Laving been spread or strewn over the bottom of sea.s and 
lakes ill the state of sediment, the onginal tiosition of the stratified 
rocks must have necessarily been less or more horizontal. A bed ot 
mud, for example, imiy be thicker in one part than in another, or 
it may thin out and altogether disa])pear, its place being taken by 
a deposit of sand or gravel ; but still its general deposition is fiat 
or liorizontal. Hie stratified rocks, when broken up by earth- 
(piakcs and volcanoes, will lose this horizontal ity, ami be thrown 
into positions more or les.s inclined and iiTcgular. Nay, by tie* 
vioh'ut and repeated operation of volcanic forces, they may be 
thrownon edge, ni, ay subside in basin-shaped troughs and hollows, 
or be bent and contorted in the most strange and fantastic manner. 
Such ap]iearances are frequent in sea-s-lilfs, in the sides of ravines, 
in railway-cuttings, and in quarries ; and geologists sjieakof such 
faces or exhibitions of strata as that Is, cuttings through, 

exhil)iting the order of relation among the several strata. The 
following section, for instance, exhibits strata at A in a hori:Mnial 



Koriiontal ajii Inclined Ptratifxaiion. 

jKisition ; at B in an inclined position ; at C in a highly inclined 
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or on and at D, thrown or np. The an^le 
or slope at which a stratum inclines to tlie horizon is called 
its dip ; and stratii are accordingly sjiid to dip at an angle of 
toji, twenty, or thirty degrees, as the case may he. When an 
indintal stratum comes to the surface, as at E, its edge is called 
the i>atcrop, and the lino of outcrop is termed its sitrike. Thus we 
speak of the strike of a stratum l)eing from ca.st to wi'st, and its 
(lij)*to the north or south ; in other words, the dip and strike are 
always at right angles to each other ; hence the one l>cing known, 
we can readily determine the coui*se of the other. In the pre- 
eeiling illustration, the strata, though di])ping at various angles, 
are all phtne or straight ; that is, the disturhing forces have 
lat i-ely hroken up their original horizontality witliout ])roducing 
any bendings, flexures, or contortions. 

7-'. Wluui strata dip in opposite; directions from a ridge or liiu' 
of elevation, like the roof of a house, as at F, the axis is said to 
Im- (inticUnal {anti^ op{)Osite, and c/fao, I bend}, and the strata are 
sj)okeii of as forming an uiUiclhie or mdd/rhark. On the other 
li.uid, when they dip tow'aials a common line td’ depression, as at 
Co the axis is termed synclinal {spn, together), and the <lci>res.sion 
so formed is described as a tromjh or h<inin. When sti’ata ai‘e 
briit and curved, as at H, they are termed contort'd ; and Irc- 
([ueiit l)endings are spoken of as Strata lying uj>on each 

other in }»arallel order are said to fs' ronformable ; 1 mt when one set 
overlie another set, and at a diflerent angle, as at K , they are terme<l 
uuxonformahlc. In tlie accompanying diagram, for examjde, the 


Cnc.jnf jnnabl'*, Beut, and C' nt-jruxi Strata. 

horizontal series K are unconfornial»le to, or rest unconfonnably 
CM, the highly inclined serie.s beneath them. When the same S(.‘t 
'4 strata are bent into numerou.s troughs and ridges, or undula- 
tions, they are said (not very correctly) to roll ; and when one 
portion ol' the same series is thnist or carried forward over another 
po!lio!i, it j)roducc8 what is termed an overlap. In some instances 
*'Ui ovorlaj) i.s apt to be mistaken for unconformability, though the 
two are very diflerent phenomena — the one being an overlie of 
a ]Mtrtion of the same beds piYnluced liy fracture and disturbance, 
the other an overlie produced I)y the deix>sition of a ne.wer set f)f 
f-tnita over the outcrops of an in>turne<l one of earlier date. 

73. AVTien strata terminate aoruptly in a bold bluff wlge, they 
are said to fonn an encariment, as at ; and such escarjunents may 
either be the sides of hills, sea or river cliffs, or precipitotm heights 
now far removed from the influence of winter. Jbatolies or rnaHses 
^4 -strata detached from the main Ixaly of the formation to which 
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they hclon;^' ?ire termed ontlkr,*, as at ; and such outliers nr • 
ot'teu widely separated from their original connection. In nl! 



K^ciirj uueii-)s. 


< :ises of this kind, whetlier the outliei's ho an island detselitd 
from the ])areiit continent, or an isolated mound in a valley, it < 
conneeliou is traced and confirmed either by the mineral similiirit v 
of its strata, or by the, identity of its fossils with those contaiiieil 
in tilt! main fonnation. 

74. .Itocks of igneous origin jm-sent tliemselvos in the crust cl 
the earth, eithtir as dlsruptimj, interstmti/iek, or oirr!)/iii(j niassr>, 
Thus, when igneous matter forces its way througli the stratitleil 
l•o(!ks, find tills up the rents and fissures, il is ternie<l disrupt iie.:, 
as at A ; \vht!n, having n.assed through the strata, it spreads over 
(lieir surface in sheet-like masses, as at B, it is then said to be 
overlying ; find when these discluirges have taktui place at the 
bottom ot the scfi, and luive been in turn covcreil over by new 
deposits ((f sediment, they then ajipear .as interstr.atified with tlu- 
true sedinieiitfiry rocks, as fit C. Occasion:il!y the interstiaitilied 


a 
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nifitter apyiears to hfive been ej(!ctcd in the .state of dust and ashes, 
find to hfive subsided ns sediment iy^ tlie ocean, there to he covered 
up hy true fi(|ueous dehris ; but i^flfueh cases an examination of 
the ])firticle.s of the rock "NvlOPt^-jg^endly determine its igneous 
origin. In true aqueous roas the component pfirticles are all 
more or loss water- wora and rounded ; in these igneous ])reeipi' 
tfiies, the ]iartieles ;ire sharp find angular, and in iminy instfincis 
tludr crystfillogi-fiphic forms are fdmndantly .apparent. On the 
other h.and, where volcanic dust and mud liave mingled thein- 
" tlio sedimenlarv matter of the ocean, find been subse- 
(prtiltly eonsolidated into strata, it is often impossible to distinguish 
betwoeu such compounds and rocks of true a<pieous origin ; and 
tor all ju’acticfd piuqio.ses they may be regarded fis ordinary sedi- 
mentary rocks. 

1 5, The tissnres and fractures produced in the rocky crust hy 
yolcfiuic figency are knowm by such terns .a.s faults, slips, hitches, 
kc.', and wlieu tilled up by injections or infiltrations of niincnil 
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iii Utt r, they are spoken of as (7?/^w. vein.^ tke. In tlio 

;iiiUi‘Xo4 diagram, A repivsents a simple slij» or hitch wlieiv ofie 
]>.(rli"ii of the strata appears to have slipped down, while another 
|..ation has heen hitched np ; B represents a fault, wliere the strata 
;iiv not only displaced, but thrown n]> at dillerent angles ; C a dykt>, 
uheiv the tissure has heen tilled with igneous matter; iji the form 
..f a dyke or wall ; and J) a suite of lodes or veins passing partly 



tlii’ongh UDstratiiied and partly throimdi .stratified roi-k.s. All such 
di'|ilaeement.s or disturbances by which the .stnita are fractured 
or thrown out of their original po.sition are known by the gener.al 
term dixlot'aiions ; and there is scarcely a s<|uare mile of the solid 
crust which does not bejir abundant evidence of the a]>])licatioii of 
ilisturbiiig force.s. Indeed, it is impossible that uj>hoav:ds or sub- 
laergeiices of any portion of the earth’s cru.st can take* jil.ace w ith- 
out causing fractures and dhslocations ; ami just in the manner and 
direction in \vhich the volcanic force exerts itself, so will tliese 
dislocatiiuiH be few or numerous, Kim|)li; or eomplieatcd. As we 
sli.'dl have uccasiou to advert to the special a.sj)eets<»f these pheiio- 
lueiia when we treat of the Practical Ajijdications of tlie science, 
the student at this sktge need only remmnber that the teiideiicv 
of every eartlujuake and volcano is to rend ami shiver the .solid 
'tivita ; that W’nore the shock is unaccompanied by discharges of 
i-fiieous matter, the fi.ssures will simply lie slips and faults ; that 
viiere it is .accomfianied by igneous di.scliarge.s, tlu: molten m.utter 
will force its way through, and fdl up the fissures, prmlucing dykes ; 
■iiid Uiat where the rents are suh.sequcntly filled uj) by infiltrations 
'»f mineral and metallic matter, tlie result will l>e loiies and veins. 

7t). To .'iscertiun the dip and strike of .strata, the liiU'S of fault.s 
fuid di.slucations, the dteectioii of veins, and the like, the ohserver 
rm4 carry along with him a jMjcket-compass and clinometer. 1 n 
tut, without these simple instruments he cannot unravel the 
Ju raiigement and relatioms of the strabi in any district of count it, 
howuver limited ; and no sati.sfactory knowledge of sujierjiositioH 
<■‘111 he arrived at 'witliout correct ami absolute sec'tions. Tlius 
the coiujiass wall readily indicate the l)earing.s of faults and dislo- 
yitiyus, the strike of strat.a, tlie direction of the dip, ami othei- 
similar relations ; and by a.scertainiug these facts at several jioints 
ill any district, the relations of the intermediate [lortions wdiich 
may be obscured by superficial covering.s, am be pretty accu* 
I'ately determined. Again, by the clinometer (c/bm, I slope, and 
r>ietron, a measure}— which may funii the framework of the com- 
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pass, and may c<mHist of a square and plummet, or of a spirit-lcvcl 
ahd m(jva])l(3 arm 'vvith a gniduated radius— he can ascertain th,' 
anf,dc of dip at any ono point, and so determine tlie various up- 
throws and downthrows, the depressions, elevations, and convolu- 
tions to which the district under survey has been subjected. If, 
for example, in travellinjjj across a country he finds the rocks ;it 
a certain ])oint, A, dipping to the south, and after proceeding a few 


An CD 



Imrnlred yards, he finds them at B di])ping to the north, he may 
safely conclude tliat the s})ace V)ctween forms a trough or basin, 
Again, if travelling southwaials in the .same direction he finds tlu' 
strata at C iniw dipjfing to the south, he may be certain that tin- 
space between B and (1 is occupied by an anticlinal axis or saddle- 
back. Still, going southwards, if he finds in some (piarry, as at 
1), the strata continuing tlieir soutliward dip, but at an angle if 
CD'" itjstead of 20^ as at 0, then he may be ]>rctty sure di.slocatioii 
lias taken place, and would be justified in iinlicating the same on 
his map or section. Such a line of examination forms what is 
called a lino, of section; and a vertical section of the strata jias.sel 
over might bo represented as follows : — 


A 



It is by sneh processes (oxjdained at length in another section i 
that the geological survey of a district is executed ; the various 
formations being indicated by differont colon I’s ; tjie strike of 
strata indicated by dark lines ; tlie dip by arrows ; and the in- 
ternal arrangement and supm’positiou by sectioms taken .aloiyif 
such lines .a.s the surveyor thinks best calculated to illustrate the 
peculiar structure of the country. 


NOTE, RECAPITULATORY AND EXPLANATORY. 

77. The object of the foregoing chapter has been to point out 
the ai'raugeraent and relations of the materials constituting the 
crust of the globe. The general tendency of aqueous action, 
wherever it manifests itself, is to wear down the rocks of exposed 
localities, and to transport the debris or waste material to the 
lower level of lakes, estuaries, ami seas — tliere to be spreail out, 
with greater or less regularity, in layers or strata. The tendency 
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(if i;^nioous {ictiou, on tlie otlier liaml, in to countemct this 
in;r to throw up nuisses of new rock-iuattor, to olovato flu; 

latid. aiul to proiluce new irregularities of .surface 1)V fracture aiul 
ili>l(ication of the crust. Ascribing similar results to similar 
causes, aiul reasoning from the recent to the more remote, we 
tiiiil the .same sort of arrangement and relatidius .subsisting among 
the older Jiud deepcr-seated rock.s of the globe. Wlierevt*r a 
>e(^ioii of the crust ha.s been exposed, whether in luitural dill’s 
and ravines, or in artificial quarrie.s and mines, the rocks are 
found to be arranged either in layers or in indeterminate masses, 
'fhose arranged in layers have been evidently formed by the 
agency of wjiter- those in shapeless ina.sse.s by the agency of fire, 
lu'ferriug to their origin, the one .set are termed the stratified, 
aijUcous, or sedimentary — the other the unstrtitified, igneous, or 
\o!eanic. As a natural consequence of their formation, the 
igneous rocks break through, displace, and derange the original 
hi,»ri/ontal strata, which now appear inclined at various angles, 
fractured and contorted. The ])ositions of the stratifital rocks aia; 
indicated by such terms as plane, incline;!, on edge, anticlinal, 
synclinal, bent, and contorted. • Their <lip or inclination is 
niea.sured in reference to the hori/on ; their strike or lim; of out- 
I'rop is traced along the surface. The positions of the igneous 
n)ck.^ in reference to the stratified are spoken of a.s disrupting, 
overlying, anil interstratified ; and the fractures or rents caused 
hy volcanic convulsion, as fi.ssures, faults, dykes, and veins. 

78. It is neccssai’y to have a thorough comprehension of these 
terms, and the phenomena to which they are applied, befon; the 
student can hope to unravel the problems of geology. They occur 
ill every description he will read ; and he cannot make his own 
observations intelligible to others unle.ss through the medium of 
the language peculitir to his .science. As will hereafter lie seen, 
when treating of practical surveys, the ascertaining of the corrt'et 
dip and strike of stratii, and the direction of faults, dykes, and 
v;‘ins, is a matter of prime imjjortance ; and the .student should, 
therefore, early accustom himself to tlie n.se of the compass and 
clinometer — enterinj^ into his note-book sections and sketcli- 
iniqis of every locality he examines. In using the compas.s, he 
should be careful, in every in.stance, to make allowance for tin; 
variation of the needle— laying down hi.s bearings by the true 
nioridian rather than by the magnetic, which cannot be so readily 
(Ximpared and harmonised with the results of common observa- 
tion. As to the clinometer, he should aim chiefly at taking the 
gciienil dip of the strata in question, and endeavour always 
obtain as long a surface as jm-ssihle whereon to apply the etfgo of 
his instrument. For this purpo.se his cane or hammer-shaft laid 
along the slope of a stratum will afford a more accurate line of 
iHp than can be obtained by the short edge of the clinometer 
on jiny two or tliree inches of the stratum itself. 

70. In noting the purely physical arrangement of the materials 
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coniposing the rocky crust — that is, the relative positions of llir 
stratified and unstratitied masses — the student cannot avail him- 
self of more aeeessihle iMiok-ouides than the Gcoloijical Ohs^rr^ ; 
of Do La Heehe, and the ju'ettily illustnited Physical Gculof/// nj 
Mr lieete Jukes. The latter work, illustrated by the pencil of 
M. Du Noyer, exhilnts very faithfully the more important iLspecU 
of the various rock-relations, and will serve as a modcd to tli 
youn;^ ooolo^ost, who should early accustom himself to the ust of 
his jieiicil and sketch-book. 



( . IMPOSITION AND CIIARACTERI.STIOS OF THE PRINCIPAL ROCKS 
AND KOCK-MASSKS. 


SO. In the preceding chapter it has })eeu stated tliat tlio crust 
nf tlic eai'tli is composed of stnitified au<l uustratilied rocks— tlie 
iHi’iiu'r the results of sediment in water, the latter the ju'oducts of 
i^imous fiisiou. It Wiis also sliown that the stnitilied rocks wen* 
lirukeii up, dis})laced, and thn)\vn out of their original liorizon- 
tallty l)y' volcanic action ; and how the igneous rocks were couse- 
(luciitly inti'rmingled with them in the form of disrujding, inkr- 
stratitlcd, and ova'riying masses. Therolati<uis of these two great, 
(‘hisses of rocks to one another, and tlie technic\alities e>nj>loyed to 
'l(“^(TilH;' these relations, having hcen mastered by the student, he 
1 i:h ui‘\t to aciiuaint himself with (he structure, external char- 
.'ici eristics, and composition of the ])rinci])al rock*masses, that he 
iiiay 1 k! enabled to comi>rehoml their origin ainl nuxle of forma- 
tl'di. The terms employed to de4ci-il>e the.se chai’acte.ristics may 
he I'cgarded as the language of his sidence— a l;inguag (3 somewhat 
peculiar, but l»y no means dithcult of attainment. 


Structure iual Texture of Hocks. 

''1. I'he Htrudurc of a rock refers to the manner in which it is 
I'ilcd u[) or aggregated in tlie mass ; its texture, on the other 
hiiid, refers to the manner in which its individual ])article.s are 
i.'iternally arranged. The former relates more esj)ecially b* 
'•■Nternal aspects ; tlie latter to internal con.stitution. On 
ex.'iiniuiug the face of a granite quarry, for instance, we lind the 
oick aminged in large tabular or square-like imisses — this is its 
■''trueture ; on breaking one of the.se blocks we find it hard, com- 
pact, and close-grained — tliis is its texture. The tenns eriiployeii 
to de.signate the external structure arc not very numerous, and 
tli' ir meaning is familiar and obvious. Thu.s, spieakiug of stniti- 
ticfi rocks, geologists employ the terms stratum and />ea wdieu the 
|x)sit is of coiisidemble thickness ; layer or hand when it is 
thin and holds a subordinate ])lace among tlie other beils ; and 
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Ho.am when a roek of a peculiar character occurs at intervnh 
anionj^^ a series of strata. The ininer, for example, speaks of a 
sertin of coal occnrrirj;^ ainon;^ .strata of clay autl samlstone, and nf 
a haarl of ironstone occurriiifj in a bed of shale. Though the 
t»‘rnis bed and seam are thins loo.sely used by many geologists as 
synonyinou.s with layer and stratum, bed ought to be apjdied 
only to the surface junction <d’ two different .stnita, and seam to 
the line of separation between them. Thus, the uj)j)er .surfaey uf 
a stratum may be smooth, or it may be rough and irregular, ami 
the undersurface of the stratum laid above it must partake df 
this smoothness or this irregularity : thi.s is heddbuj ; the line that 
marks this si^paration between two strata is the seam. Tlie (en i 
poxt is friMpauitly aj)plied to express a thick, uniform-gniiuid 
stratum of sandstone ; and /«//•<’.<, a thin-liedded shaly sandstone i t 
irregular composition ; but the use of all local designations .should 
be scrupulously ayoided as long as we have general ami well- 
nmlei'stootl terms ca})able of ex))res.sing the same thing. 

Mg. When certain kimls of strata are capable of being .split ii]) 
into thin plates or leaves, they are said to be hmiiuited, 
fissile, and shal^. For instance, many .sandstones and limestoiu s 
show distinctly the layers of successive deposit, often as many 
as twenty of these lamin:e in a single inch of thicknes.s, and sucii 
ari' said to be hiniiiiated; others again, as the sandstones used in 
]iaving, are termed /Ao/.? iwA jhtif stones, as s]ditting up in thicker 
layers ; while any rock ca|)able of lieing sjdit u}), whether in tli • 
line of bedding or otherwise, is said to be (days and clayey 

beds, in their ('rdinary state, are soft and phustic ; when consoli- 
dated, and having a tendency to split in the direction of their 
bedding, they are sai<l to bo shale.i or sludi/. The terms seltiM 
and sc/tistosc (from the (Ireek .sehisina, a splitting or division) are 
properly a])plieil to fissile rocks of cry.stalline texture, like gneiss 
and mica-schist, which have an irregularly laminated textun' : 
while slate and shouhl be restricted to rocks, which, like 
roofing-slate, split up n'gularly, and this in lines gent'nilly trans- 
verse to tho.so of stratification. The lernxH foliation tuid foluif'd 
(often used when treating of schists and slate.s) refer to that 
internal leaf-like texture { folium, a leaf) which has otbui an e.\- 
tiauuely Hexured aspect, as if the individual lamina- of the i-ock 
had been bent and fohhal over each other. 

Md. The structure that prevails among igneous rocks is less 
v.aricd and more definite than that of the sedimentary, and 
appears in many instances to be the ro.sult of cooling, or cryst.al- 
lisation on a great scale. When they a])pear in columns, like the 
basalts of Statla and the Giant’s Causeway, they are said to be 
columnar; and when the columns arc irregular, and not veiy 
distinct, they are termed sub-columnar. Certain green.stones and 
gM-anites break up in lar^e sipiare-like blocks— a structure which 
is styled tabular or ciwoidal ; other iwks of the same classe.s 
break up in masses of no regular .shape, and are conseriiiently 
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triiuod 'niassirc or amorphous, ^fany ^Teonstcnos ]Rvsent a 
^iJit rival or (jlohular structure, tlio wcntliere<l dills of such a i*ock 
ri|ij>tarin}^' like a liuge accumulation of homiis and halls varviiu; 
IP -III a few inches tu several feet in diameter. Such a structure, 
fp.ni its ajijiarent ai'gre.sipition round a common centre, is also 
f,‘niied vonartioiuup. and generally e.rfoliates, on exposure to the 
wr.itlier, film after film, like the coats of an onion. 

>4. 'flic internal texture of rocks is designated in like manner 
)iv terms exjuaessive of the ajipearance they ju’csent M'hen broken 
l-v the hammer. Thus, a rock is said to lx* vfranular when 
made uj) of distinct gi*ain.s or particle.s, like granite; savcharold 
like loaf-sugar) when the gimins have a uniform ervstalline 
.i>[ieet, as in many statuary marldes ; }X)rous when full of pores 

- r of (ipen texture, like pumice; cvsi<-ulnr i\Y <'(l{i(hir full 

-■!' little eavitics, like certain kinds of Xwo-, fhrouK when com- 
I'O'^ed of libres or ti laments, like asbestos; and oeba/A/r (fovo-f, .a 
ii-edle) or needle-shaped whcTi the libresaredislinctand ofnioderati* 
K ngth, as in aet^aiolite slate. Conf/hmeraks an; rocks composed 
of water-worn jielibles - in other words, consolidated gravel ; ami 
'•ri ori’oeks oi' lurcriatvd texture, are those in which the frag- 
ments are sharj) and angular, from the Italian word hrvwia, a 
•nimb (u- fragment. AVhen a rock can be easily broken oi- crum- 
''led down, it is said to be friah/e; rampart when of close ami 
' rill texture ; rarth// when the texture is sfd’t and dull ; rrjptal- 

- 'V'/ when made up of distinctly-formed crystals ; r/yj^taUinr, 
uheii sparkling and shining, but not eompo.sed of distinct crys- 
oils : and mih-criptaUinr when the lustre is dull and somewhat 
kss aiiparent. Jlunl and soft are em])loyed in geology ri.s in 
'•vri’yday language, with this <iistinetion, that a ro<‘k maybe hard 
Old yet easily broken, soft and yet not yield readily to the harn- 
' 11 ' r. To ex](res.s thi.s quality, the term taiajh is generally em- 
I'loyml ; but these and other minute <ii.stinetions lielong rather 

iiiiiiendogy than to geology. 


Mineral .and Chemical C()mj.o.sition of Uoeks. 

^5. The conqiosition of the rocks constituting the crust of the 
-k'he may Im viewed in two ways either clu'inic.-dly or mim-ral- 
"-'•■ally. To the ch(;mist, every substance in nature appears as 
"'iiqtosed of certain ])rimary elements ; and of such elements 
di'iut sixty have been di.scovered -some ga.seous, some lifjuid, 
^•"ine .solid, some metallic, and others non-inetallic. In examin- 
'‘U' a ]»ieee of marble, for e.xample, the elnmiist resolves it into 
'"u l)onie acid and lime ; or, more minutely, into oxygen, (arlx)n, and 
nietallic element called calcium. It is enough for the mineni- 
y-rist, on the other hand, to know that it is a limestone, and to 
'•'•scribe it a.s pure or imjiure, as soft or compact, as earthy or 
‘ O '-billine. Tile geologist, again, regards more especially its posi- 
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tipn and mode of occurrence, with what rocks it is associated, 
what fossils are imbedded in it ; and from these and other data 
endeavours to arrive at the conditions under which it was foniud, 
and the aspect of the world at the time of its formation. In draw- 
ing such conclusions, he is greatly fiided by the deductions of cla - 
mistry and mineralogy ; hence the importance of these scieiiCL^ 
to the practical geologist. 

8(). Although the minuter distinctions of minerals, ambtlu 
crystals of which they are composed, belong more especially to 
the sub-science, Miueialogy, still, ;is the descriptions of gcoioLry 
become intelligil)le only in proportion to the precdsion of tin 
language employed, the student should render himself familial, 
by an examination of actual specimens, with the leading fad- 
relating to the cleavage, fracture, hardness, lustre, colour, ami 
other sensible properties of the most abundant simple minerals, 
This forms, as it were, his tii'st step in minenilog}' : the discriiai- 
iiatiou of the minerals themselves, and the comj)ound ro(>ks the} 
produce, constitute another and more diflicult stage of his pm- 
gress. When we strike a crystal of calcareous spar, for instaiicr, 
we tind it h;is a tendency to split in a certain fixed direction— -thi' 
is its ekaveufe; and every mineral has a plane in which it splits 
more readily than in any other direction. Wlieii a rock or minei-al 
is Ijrokeii by the hammer, the surface of the fract\iro assumes a 
certain appearance, ami such ajipearances are distinguished by 
the terms conchoitlal or shell-like, even, uneven, smooth, splintery, 
hackly, ko .. ; these constitute the form of its fracture. Tlii 
Jtar<lue.'<!i or tenacity of a minenil is estimated by a convention.i! 
scale of ten degnuis, assuming talc to be the lowest in the scalv. 
and diamond the highest. Thus — ; ■ 


Tide, 

I luck -salt, 
Calc-s] tar, 



1 

*) 

3 

4 

5 


Adularia Msjiai', 
liook-<‘rvstal, 
T.-i-a/., • . . 

(‘oninduni, 
DiauKtiul, . 


If, for example, a miHeinJ can Iw semtehed lyv rock-crystal, btr 
can in turn scratch felspar, it is evident its h.ardness lies betwe - 
(i and 7 of tlw scale, and may be represeute<l by 6.3 or (1.8, just a' 
it seems to a]iproach fels])a.r on the one side, or rock-crystal "H 
the other. As to tenacitij, it i.s closely allied to hardness, ami i' 
usually <Hstinguished by such terms a.s tough, sectile or ea.'il} 
cut by the knife, brittle, flexible, ami so forth. The ]n-operty 
lniitre i^ likewise distingui.sheil by the onlinary Knglish terms 
dull, gBpliering, gli.steuing, s])lendont or shining, im:talli<', viln - 
ous'fi^llijgy, resinou.s, pearly, and the like— all very (fl>vioiis ir 
application. MineniLs, and the rocks whi' i> 
th^^%)mposc, exhibit every .shade of colour, and this property 
though distinguisbed by the usual terms, black, red, green, gre} 
yeltow, »ke.— with the innumerable shades between - is often an im 
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](firtant one in mluoral (liscrimiiuitioii. 'I,’Iioir prope/-ti('i<, 

,,r piiwt'i- of traiisiiiitting and roilectiiig light, ;uv also iiiiportaiil 
, !i;inu t(‘ristics, some being trausjmront, some simj)!)' ininslncent, 
:ni(l t'tlu rs opaque. As with these, so with other pro]>erties eoii- 
n. .'led with np'<(ction, pol<irimtio)i of lojht, with ckrtrii'it)/ and 
with tlu'ir sjk‘ci/ic (fratuties, which are all iinporUnt distinguish- 
tests and charaeteristics to the geologist, as well as to the 
iiiiiiyi'alogi.st. 

s;. In tretiting the simple minerals of which the great roek- 
iiia'>es art! cnmpustMl, tlie ]>nre mineralogist luis to consider many 
iiilimte distinctions w’hich have often no imnu'diate hearing on 
ihe problems of geology. He has to attend, for instance, to mi- 
jiiito dithn-ences in chemical composition, to motlitieations of <*rys- 
t.dlograpliio form, and generally to all the })rc>pertics anti charac- 
ri ri.>t ics descj'ibed in the ])rcceding paragrajdn In tloing so, hi! 
k\ > to establish, ])rovisionally it may be, many hundreds of genera 
iind species ; hence to a certain extent the eomj)lexity and im- 
perfei'tions of his nomenclature and classitic-iition. Of tlicse mi ne- 
rds. however, not more than thirty or forty enter largely into the* 
■'(iinposition of the most prevalent rock-masses; and for all the 
onlinary jmrposes of geology, and especially for the reipiiremeiits 

the hegiiiner, a knowledge of these wall be amply suflicieiit. A 
• Icscriptive list is gi\ eu at the close of this chaj)ter, and he who 
'■an readily iliscriminate the rocks and minerals to w'hicli it refers, 
has already acquired no mean amount of mincralogical informa- 
ii'Hi. Notwithstanding what is here stated, the student must on 
no account learn to uiiiterrate the value of Mineralogy as a branch 
■ t geology. The more extensive his acipiaintance with mineni- 
I'lgy, the nuu’e accurate will be his geological deductions ; and 
'111' pi'isence or absence of certain mineral forms will often throw 
light on his investigatiou.s, when fossil and mechanical aids have 
: ailed to inform him. 

Respecting the chemical composition of rocks, little need 
ly said in an elementary treatise. As with (he miiieralogienl, so 
wiih the ehemieal aspects of geology; although the chemist rc!- 
'"Ivcs all know'll substances into some sixty-three elements or 
I'l'iinary ingredients, yet of these comparatively few* enter largely 
iiito the eom|)Osition of the crust. To be acquainted with thesi; 
principal ingredients, their nature and jirojH-.rties, and the ex- 
t'-riial character of their compounds, is iiwirly all the geologist 
i*'quircs. To liim, a limestone is a product of fre.sh w'atirr or of 
iiiarine origin, according to the nature of its fossils ; to the mine- 
I'diigist it is a carbonate of lime, earthy, eompaet, or crystalline, 
■IS the ciise may he ; and to the chemist it is a compound of e,;ilf;inm, 
‘"ud)on. and oxygen. Again, to the geologist, granite i.s an igneous 
I 'ck, eruptive or disruptive, as.sociated with rocks of every for- 
'attion, or passing in veins through stnita of different epochs. 
Ike mineralogist regards it as a compound of three simi>le minc- 
’•'l^ quartz, felsjiar, aud mica, in certain foms and modes of 
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a;i;gre)^ation. Tlic clienii.st now takes up these simple minerals 
aiiil resolves the quartz into siliea, the felspar into silica, aluiuiiia, 
and |)otash, and the mica into silica, inaf(nesia, jiotash, lime, and 
jjcroxide of iron ; or, carryinj( out an ultimate analysis, he cul- 
verts the silica into silicon and oxygen, the alumina into aluiui- 
nium and oxygen, the potash into potJLssium and oxygen, tli 
magnesia into magnesium and oxygen, the lime into calcium aii i 
oxygen, and the peroxide of iron into iron and oxygen. 
sented in a tabular form, we have — 


(iranito, 


/ Quartz, 

Silica, 

j Silicon. 

( Oxygen. 


Silica, 

( Silicon. 

( Oxygen, 

FeNpar, 

^ .Vlumimi, 

( Aluminium. 

( Oxygen. 

1 

rola.s]i, 

( Potassium, 
t 0.xygen. 



( Silicon. 



VOxygeii. 


Magne.sia, 

( M.igiu'.siiim. 

( Oxygen. 

Mica, 

PoLish, 

( Pota.ssium. 

( Oxygen, 


bimo, 

j r;i!ei\im. 

( Oxygen. 


Peroxide of Iron, 

{ Iron, 
t 0.xygon. 


(Joologlcal, mlneralogical, and chemical considerations are thus 
inseparably interwoven ; ami hence the value of chemical know- 
h'dge ill enabling the student to arrive at correct conclusions 
respecting tlie origin onuany rocks and the subsequent changes 
they have undergone. For this purjxese he does not reipiire' le 
spend days and weeks in the laboratory ; it is enough if he can 
api>reciate the conclusions of the chemist and know how to apiil\ 
them. 

tSD, Chemistry, we have stateil, has already re.solved all objects 
in nature— whether mineral, vegetable, or animal ; solid, liquid, 
or aid-iform into wuiVy-Mrec elementary or ultimate substance.'^. 
Of tliese only a tew enter largely into the comjiosition of tin' 
earth s erust ; and ot the othem many are extremely rare, or 
only evolved from their natur.il unions ‘by chemical analysis.’ In 
the following list the most im|H»rtant (geologically speaking) aiv 
})rinted in capitals, their characters being given as under the 
ordimuy pressure and temperature of the atniosphere : — 

(/y.xr.t—IlYDKocKX, OXYOEX, nitn^gen. CHI.OUIXE, and FLUOuixE. 

I.Kpuds and Bromine, iodine, SI'LITIUH, PITOS- 

riiouu.s, selenium, cakbox, boron, sir.icox. 

Metals th^ bases oj the Earths and PoT.vssiL'.M, .SODIUM. 
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liiliiiim ; Liirium, strontium, CAi.rii’M ; macmisicm, .^ia mixil m, 
tiioriuiii, fj:lufiniuin, zirconium, yttrium. 

77(t MaN(Jam;sk, zinc, ikon, tin. cadrnum, codai.t, mckki. ; 

AHSKMC, cnnoMii'M, vanadium, molybdenum, tuni>steii, cohiml)iiim, 
AM'IMONY, uranium, cerium, bismuth, titanium, tellnrium, coi'l’l it. 
I.KAU; MiAicuitY, HIT.VEH, GOLD, I’LATiNUM, palladium, rliodiuiii. 
osininin. iridium, ruthenium ; (and the folio wiinr, of which little is yet 
deti'i iuined), erbium, terbium, didymium, lantiianium, niobuim, iiur- 
ium, ilmenium, pclopium. 

• 

.'such iire tlic “ clcnients” or “.siinjile sulisLiiiees” of flic cluunisl ; 
and though tliis is not the ]>lace to enter into tietnils, \vc cttiinot 
1. a\ e the subjeet witliout advising the .stinleiit to render himself 
practically familiar with the nature and ])ro|)ertie.s of the more 
abmul.ant elements. A few simjile test.s, such as are indicatetl in 
aiiv manual of eliemistry, are not of tlitheult a])|)lieation ; and 
.after a little practice of this kind the eye learn.s to <leteet ;it tirsi 
sieht tiie jirescuce of most of the elements in their ordinary eom- 
liuations. 


Most abundant Ihx'k.s and Minerals. 

hd. Having now letirned sometliing of tlie structure and tex- 
ture of rocks, and of their mineral and cliemieal eomjiosition, it 
is iici'cssary to he alile to distinguisli one from anotht;r, and to 
d(serihe it hy the name hy which it is usually known. For 
this purpose tliere is nothing better than freipient examination 
cf speeimens correctly labelled and arranged in a caliinet or 
museum. One day well spent in this manner is worth a montli’s 
reeling of written deseriptions ; although such lists as tlie 1‘ollow- 
iiig are not without their uses in assisting the Ixiginner to draw 
distinctions, and fix on Ids memory the meaning of tlie •nomen- 
clature adopted. The arrangement Is neither .strictly inineml nor 
chciniixal, but is founded on such olivious distinctions as must 
meet the eye of tlie most ca.sual observer. Thu.s, in every l egion 
lind a great proportion of the rock substances comjiosed of 
sand or of fragments more or less approaeldng the state of sand 
[‘i.i\‘naceom) ; anotlier notable iiroportion are clayey or ar(jil- 
/ a third Vnny or cahtreouJi ; a fourth more or le.ss coaly 

'''nrbonaceoas) ; a fifth always compo.sed of mineral crystals less 
"I' mure distinct {crystaU! ne ) ; a eonsiderahle class are salinv. or 
J^altdike ; and others, again, are decidedly metallic in their asjieet, 
as ihc ores of the metals. Distinctions .such as tiiese are natural 
and obvious; and any classification founded ujmiii them will he 
easily ma.stered by the student at this stage of his progi'css : — 

{Arenacecn'.s and FragiMUtary Compoundf.) 

Snnd i.san ap:^^o;i:ati<)n of water-worn j>article«, derived from pre-oxistin^j; 

> 'H ks and other mim-i al substances. It is j^enerally comjMtsod offpuirtz yniiiiK 
i'luartz being one of the hardest of simple minerals, and longest re.sistiug 
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the {>rooosse8 of attrition) ; hut it mav also consist of tho particles of sIkI!--, 
eujTiIs, &c, ; lienee such terms as shelf-sand, coral-sand, and tho like, 

(j/rard is tho term appliwl to the water-worn frjifjments of rocks wIk n 
tlio jiartieles or [lehhles vary from the size of a pea to that of a hen's e/-, 
U is ^'enerally composed of the fnigments of tho harder and iiKjro silieeeais 
n icks. 

S/iuiffte m tlio jL^eolo^dc.'d term for water-wom rock-fin|,nncnt« larpfer nihl 
less rounded than tlmso of fn*avel. Slnngle-lic'achos are common on tin 
more exj>ose<l leortions of our sea-coasts. 

Riihhlt is a citnvenient and expressive tenn, applicable acouinulartoi.^ 
nf aiiKoilar and partially water- worn blocks indiscriminately huddlid to- 
i^^ether, and such as usually arise from river- freshets or ico-drift. 

lU»il(ln' is the term employed toflenote lar'fcrw’ater-worn blocks of stour 
found on the soil or amid the surface material. They arc often deluchni 
and of jjtreat size, weij^hinj^ many tons in wei^^ht. 

SaittkUitie is simply consolidaleil sand, tho particles havin;< been coin- 
paeted by pressure, or beiii;' held to^jjether by lime, clay, oxuio of iron, > i 
sotiH' other conientini,'' maferial. 

(Srit is the tenn applied to a rock when the particles are liard and annu- 
lar, tliut is, ‘‘sharper” than in ordinary stindstones ; hence their vahie a> 
niillHt<ino-n;ri(-'<, grind-stone-n.iits, ,tc. 

Vuiiijloiiu'ratfs are aifnci'enctit ions of travel and pebbles ofmll sizes- in otlar 
worils, consolidated /rravel. 'I'hey are sometinu s known as jtiuldlu(j$ti>h>s, 
from tho fanciful resemblance of their peliblcs to tlie finit in a j’lum 
])tiddin^if. 

Jhrrcidx (from an Italian wonl simiifvino a crumb or frnn:mcnt) are rocks 
eomposeil of an a,!;n;hiti nation ofannt'ular iVanrmonts. A breccia, or brecciatcl 
ri'ck, dill'ors from a coiintlomerato in haviiiLj its componont frayments anyn- 
lar and irrcytilar, whereas the j>ol.iMes of the latter uro all rounded aial 
water- worn. 


(.1 rylUticcov.s Com])ov luh.) 

Mdd is tho familiar as well as technical term applied to the fmo iin- 
pal[)able matter worn ami lK>rne down by water, ami deposited at tho Imt- 
teins of seas, lakes, and pools. It is thus oompesed of the tincly com- 
minuted debris of mineral, veyetable, and animal malU'r. 

CVey is also a tine impalpable se<liment /roin water, but con.sists wholly, 
or almost so, of aluminous and silieeou.s particles. It is usually touyh uml 
plastic, and differs frmii mud in tliis rcs[)ect as well as in the absence ef 
vegetable and animal matter, 

diU is a yeoloyleal term for the misccllaneon.s matter deposited in lakes, 
estuarie.s, bays, and other still waters. Silt may thus consist of inter- 
niinyled mud, clay, and .sand, or of distinct layers of these. 

Shah is merely consolidated mud .as.suminy a .stnicturo les.s or more 
lamiimtod. This laminated or shaly stnicturo dLstinyuishes it from beds of 
clay and marl. 

.1 / tnhUme is a convenient term recently introduced to dosiynate an earthy, 
clayey rock, ^oid t'f sh.aly lamination ; evidcntlv consolidated mud. 

Slah is often applied indi-'-icriiuinately to all )iard laminated aryillacomis 
rooks that can bo readilv split up. TIio tenn, however, should be restricted 
to those in which tho clayey particlo.s prodominate, and tlio consolidation 
is so perfect that the mass ossumc.s a scmi-crystallino aspHict like ordinary 
roofiny-slato. 

Clai/flone is the term usually aj^plied, but not very happily, to an in- 
durated massive aryillacoou.s rock of iyiieous oriyin. All clayey or aryilla- 
ceous compounds when breathed on emit a |•eculiar and distinctive oduur 
(ai-yilluceous odour), which is easily recoynised. 
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{Cakanous Cmnpuumls.} 

I/.hX'Aune is the goncral term ft>r all rocks the hasis of which is cai'l>on- 
,i;o ( r liiiio ; that is, liuio in chemical union with carhonic acid. As liiuc- 
amie is dissolved with violent etl'ervoscence hy sul|ihuric and niurialic ai'ids, 
Its presence may be easily detected by ;i drop of these li<iuids. 

M^ir/'le is an architectural rather than a ^reoln^deal term, and isapjdied 
t,i tiie ceinpact crysbdlinoand mottled varietii'S of limestone used forstaitiary 
,u. lxa-uaiiieutalpuri><j.ses. Limestone, on tho other hand, is tlie term used 
ti'f tlie duller and less comp>aet kinds useil for mortar and in atrriculture. 

C/.alL is a familiar as well ns tcchnicnl term for the softer and eai tliier- 
!. « .ki!!,:; varieties of limestone. 

.l/n i'/isa loose apjielhition for all friable oomi>onnds of limo and clay ; 
:illrd “clay-marls” or marl -clays,” as the <»ue or other ine;rcdieiit jnv- 
l.iiiiinates. * “Shell-marl” is the term applied to such varieties us contain 
L'lndaiit rcnuiins of fresh-watea* shells. 

<i ■qinun is tv suli'lnito of limo, which, when calcined, forms the wi'll known 
j koicr ( t' Laris. It occurs either ma.s.sivo, granular, or tibrous ; when erys- 
' cliscd it is known by tho name oi' Ktltnltv, 

MinjiiKsid/i Liiiifxtone , — Many limcsbuies contain a small ]ier-centaL''0 of 
'1 1 ,' 11 ' .via, but those only iirc entitled to the term which contain Iroin twenty 
!•( r ceiit and upiwardH. 

hnhiiitHi’ (afna- thege<j]ogi.stDoloinicu) is a granular or erystalJine variety 
■ f magnesian limesti.)ne. 

{Carhoiiocioux (uxl lUtuhiiivm’i.) 

is a wcdl-known mineral, ami maybe b?-ierty <los(*ribcd as mineral- 
-■'.d vej'ctable matter, containing less <»r more of earthy imjmritie.s. Jn 
I' lrniiig, the organic or vegetable matter is eonsumed, and the eaidhy or 
iii 'i’eanic JiiatUT is left behind as ashes, (.'oal oeeni’s in many varieties as 
't ihmciUq which is non-hituminous and burns witlujut siiU'ko or llame, 

■' ‘L h'J emh coni, enund coni, Ac., wliieli, on tlie other hand, are all 

It 'S cif more hituminoas, 

J't is a compact variety of coal susceptible of a high polish, ami on that 
u coont usually worked into jicrsotial ornaments. 

I.i'nnile {liijnim, wood), tilso known iis “brown coal,” is a variety of 
' ' cnt formation, in wliich tho woialy stnicturo is distinctly a|>{iarent. 

(iraj)hit,‘ ur Flnmhngo (tho substance of wliich writing-pencils are made) 

- almost piiro carlxin. Though familiarly eallo<l “ hlaek-lead,” it eoiit-iins 
no l. ad whatever, but is .simply carbon with a slight trace of iron and 
' arthy impurities, Tho name graphite (ijrnpho, I writo) refers to its use ; 
I’Uimljityo {pluiubnm, lead) refers to its ai>pcarance, 

Jjddinen is an inllammaldo mineral substance found either i)i a free or in 
m oral lined state. As free bitumen it oc.eurs limpid as mijtltllin, liipiid as 
l‘dci,i,.-u,ii or i-ock-oil, slaggy as iidim nd pilch, ami solid jus nfphnU. It can 
!'C discharged from coals, coaly shales, and other substances, by theaji]ili- 
'■atioii of heat ; hence these mineraksare .said to Vie “ bituminous,” or more 
1 1'opcrly “ bituminiferous.” 


{Simple Minmih and their Jloch-Comjmmdx.) 

pro]>erly speaking, is pure silica ; rock-crystal is tho name given 
t'l pure transparent varieties ; and coloured varieties are known us auHtln/d, 
' 7"'.'. Ac. The crystal form of quartz Ls a six-aitled irrism tcnnijiuting in a 
sided pyramid. 

U met: -rock is massive quartz of various colours, and occurs in veins or 
rati form masses. 
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Quart :Hc is tlio term {ipplie*! to tlio {granular varieties, and to sandstunn 
apjinruiitly roc< inverted l>y intense heat into (inartz, 

Jaspi r," Jloriidaiie, L'fih'nrt atone, kc., aro coinjiact siliceous rocks ■ : 
various colcjurs, exhihitinj,^ smooth, jjflassy fractures. 

I'li'iit is iniiiiire nodules of silex, almndantly found in chalk strata, airi 
apiiarently aK^re^ated from silica in solution. 

t'/wrt is the nanio j'iven to an admixturo of flint and limestone, and occui ' 
in concretions, noilules, and rock-masses. 

Felspar, as chiefly com] >osed of silica, alumina, and iiohxsh, is a soli ' 
mineral than (juartz. Tlio softer crystals occurring in granite a^c 
felspar; they can ho scratched with tlio knife, when quartz resists it ; and 
can also be known hy tho straight, glassy aspect of theii- cleavage. 

('impact FihjHir and 7*V.stoM(! aro amorphous rock.s of felspar, forming 
dykes and mountain masses. 

Mini and Mira -schist. — Tho glistening and scaly crystals in gi-anito inv 
mica, so called from the Latin word miro, I glisten. Mica is a soft, 
.suctilo mineral, is retidily split into thin transparent phites, and is mainly 
eoin[Ki,sed of silica, potu.sh, and magnesia. It forms tho principal ingn. 
(limit in a sot of shity rocks ctilled laica-achisfs ; and it occurs in minnt'; 
scales in many sandstones, giving to them a silvery uppeanince, 

liiirn,/>tcii<li\ so named I'rom its horny, glLshaiing fracture {Ijlrnihai, t 
dazzle), is ;i dark-green or black mineral found in granites and greenstones, 
It also occurs ma-ssivo tis hanihlcndf-rock ; or shity as hunihlciidi -schist, 
A>i(/i/c- lli/pcrsthnii, — Those are blackish -green, greenish - black, or 
greenish -grey miru'ials nearly allied to hornblende. They occur largely ii. 
all igneous rock.s, and will best be di.stinguishcd by examination of actiiV. 
spocimi'iis. They differ slightly in mineral composition iindin form ; heiav 
regiirded as distinct minerals. 

Adiiiiu/ite {artiii, ii thorn), tinothor mineral very closely tillied to horn 
blende, and deriving its name from the thorn-like .shaj'e of its crystals. It 
occurs massive as ((riyao/dt-roc/', and thickly di.s|>er8ed in some slate.s- 
acti/inditc-slatc. 

.ishestos or vlwmat/ia.i!, so well known from its fibrous texture, may hr 
reganh'd as a variety of actyiiolite. Itoccurs in variou.s modes of .agg'rega- 
tion, and thenco known as *• mouutain-wood,” mountain-cork,” ‘*moui;- 
tain-leather,” kc. 

Ch/orite — ('hlarile-schisl. — Chlorite (from tho Greek word chloras, 
greenish-yell(>w) is a mineral of a greenish huo, and generally of a foliated 
texture, in which condition it forms the principal ingredient in the 
greenish rock called chlaritc-s/ate or chlovitc-schist. Chlorite, in chemical 
composition, is chiscly allied to mica. 

Talc - Talc-schist. — A whiti.sh-green magnc.si.an mineral, closely allied to 
and resembling mica. It is transparent in thin plates, but is gi'uorally 
ma.ssive, scctilo, .sod, and non-ela.stic. It enters largely into many of tho 
earlier schist.s, known a.s bdc-schists and talcoso slates, 

>ttiatiic — Xooywfo/n, '--/’(iWo/o',— All rocks containing steatite, which msy 
bo regarded as a variety of talc, have a grea.sy or miaiiV feel ; hence the 
name from .vh'rtr, fat or gi'case. On this account some varieties have been 
termod .'■()ep-.d(i/i(.< ; and othei-s. from their sectility and power of resisting 
heat., are known as pid-stoues. 

iSerpeiilihc, so called from its v.arying green, blackish-green, and pur[dish 
colours (like the back of a .serpent), is one of tho magnesian rocks occurring 
largely in many laimitivo dlsti’icts. 

{Igneous Crystalline Hocks.) 

Granite — Nw/idr.— Ordinary granite is n granular comfKuind of quai-tz. 
felspar, and mica, varying in colour accoixling to tho p>rosenco of iron, Ac. 
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i;i Olio nr other of the component minerals. When mica is wanting;, ami 
it., pltico is sup|ilie(l by horublondc, the rock, is ctillcd from Sycjic 

in (’I'lK-r Eg}'pt, whore it was early (juarriod. There are sevenil varieties 
ul' Ltiiiiiite tiri.sing from such interchan{,'os of minerals, but thu.se will be 
iwtieol when we come to treat of the p-anites as n treolojrieal ^Toiip. 

--(i i ii iistone — These are rocks of i|.riicous tu ij^in, and 
are chietly distinguished by their hardne.ss, compaevnoss, uinl coloui’. 
Da^alt is a clo.se-grtuiied, dark-coloured rock. »>fteM occurring in columns 
III ' 10 nr less regular ; greenstone is not so close in the grain, is lighter in 
cnl'^ii', and occurs either in tabular or aiiiorjthous ma.s.ses ; and clinkstone 
ISO called from the metallic ringing-sound it emits when struck by the 
liaiiiMicr) is only a compact, fine-grained, greyish variety i*f ba-salt, Angitc, 
Loi nhlcndu, and felspar, are the chief ingrodients in btesalts and greenstones, 
Tivii-Kid' (from tiio Swedish ix .stair, tind .so cJilled from ihestep- 

likc if-puct it gives to the hills compiised of it) i.s a name which includes a 
.nvat variety of igmeoiw rocks, the general characters <(f which arc i.asily 
ii'coL'-ni.scd in the field, basalt and greenstone may be ineliided under tho 
tctiu (V'l)' : but the wonl i.s more frc<|uciitly applied to the looser and Ie.s.s 
I n stallised masso.s known a.s trup-tiaj', ictrlr, ami/;i<l<t{oi({, kc. • 

Trarh ijiti—T raclnjtlc (Jrertisiiiiie. 'IVachyto is a granular volcanic rock of 
a greyish colour, and so called from its harsh feel ((nic/n/s, rough) ; and 
imchytic greenstone i.s a rough, grained, foTspathie variety resembling green- 

.“tone, 

J.iirii —JUmiceScon'a’.—ljdvix i.s the name for all molton dischatgos 
tp'in recent volcanoes ; j»umico is the light cellular froth or scum of sucli 
(iiM'liargcs; and scoriie comprehends all the h»uso cimlory «ir slaggy matter. 

Poi /jfii/rif -l\)rp/ii/ritu-. — 'I'ln; term porphyry ((!re(;k porphi/i ii, purple) 
Was originally ai)plied to a reddisli rock foui|ii in I'ppcr Egypt, and u.seii 
hy the ancients in ornamental arcliiteeluro. The \vor<l i.H now emplovasl 
in a technical sense to denote all rocks (whatever their colour) that contain 
iiuheddetl cry.stals di.sLinct from their main mass. We have thus felspar- 
p Tiihyry, porpliyritic granite, and i>orphyritic greenstone. 


dv.) 

C'lmmon salt is too well known to re<[uire description. It is found in 
thick inermstations on many sea-coasts, ami in tho sites of dricd-uji lakes. 
It occurs ahundantlv in the .s<.ilid cnisi a.s fix k sail; ami is held in solution 
by all sea-water ami brine-springs. 

y ihaUs of so(l<i oful potaxk occur as incnistations and cflloro.scem os in 
tii.uiv jilaiiis, marshc.s, and lakes in hot marntries. The.se salts are known 
rixhox, troxa, kc. 

Ahnii (sulphate of alumina), though cliiefiy c.\ti-actcd from cortain shah s 
nnd schists, is al.so found in nature in the saline or crysUilli.sed state. 

Ixjid.i; (soda and bomcic acid), is another sdine product abundantly dis- 
charged by the thermal .sinters of some volcanic districts. 

•'^ulpltur is found ni!«,sive and in cry.slals in ultno.st all volcanic di.stricts. 
It i.s also found largely in chemical combination with many of tho earth.s 
and metals. 

{Mdalllr.) 

Tie mciah arc either found weddv— that is, in a pure state -or combined 
witli mineral matter in the state of o»j. tJold and silver are <jften Ibuml 
tcitivo in j)ellcts, nuggets, and threa4l-like branche.s ; tho other metals are 
' hictly found a.s Lead, for imstance, is found in sparry veins as a 

t* il['huret (ijaltna), ciirbonate, j»ho8i»liate, &c. ; cop|(er, zinc, tin. and nian- 
-'uie-e, arc found generally in a similar way ; iron is faiiid either in veins 
'cid musses as a peroxide, Ac., or in strata a.s a clay-cai bonate, like the 
h 'listones and black-bands of our coal-fields. 
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NOTE, RECAPITULATORY AND EXPLANATORY. 

!>1. Ill llui jiivcedin^ cli.'ipter we have emlcavoiircd to explain 
the eoiiipositioii and charaeteristics of the priiicijial roek-m;Ls.ses ; 
that Ih, the moden in which they are piled up or aggregated, aiul 
the mineral elements whieli enter into their constitution. ^ .V 
knovvdedge of such characteristics is indispensable to the eoinj)n- 
hmision of their origin and formation ; and the terms em])loyed 
to express these characteristics must be nuustered liefore we can 
hoj)e to und(u-stand, or make ourselves understood by, our fellow- 
geologists. The structure and texture of rocks, whether of aiiueous 
or of igneous origin, are distinguished by a variet}’ of terms c\- 
pressivii of their aiipearance as they occur in the crust, or when 
broken ui) by the hammer. 1'hus, the layers of the stratilinl 
rocks are sjiukeu of as strata, beds, seam.s, bands. Hags, slati-s, and 
sehists, according to tbeir thickness ; while tlie unstratilied occur 
as eolmmiar, subcolumiiar, tabular, massive, and amorj)hous. As 
to llio texture or internal structure of rocks, it is extremely varicil. 
and is dclined by sneli obvious terms as bard, compact, crystalline, 
saecharoid, graimlar, porous, vesicular, and the like. The composi- 
tion of rocks, we have seen, may be viewed either in a ehemic;d 
or mineralogical light ;^nt., in whatever light they are viewed, 
it is enough tor tlu' beginiK'r in geology to he able to distiugui.slu 
at sight, .such ordinary rocks as samlstone, conglomerate, shale, 
elay-slatc, limestone, chalk, gy})sum, rock-salt, coal, ipiartz, mie;i, 
felspar, granite, gneiss, greenstone, basalt, trap-tuH', lava, and a 
few of the ores of the more al)undant metaks. 

!)2, dV) bo a)»lo to distingnisb tlm onliiiary rocks which oeeiir 
in our own elills and <piarries is enough, we have sjiid, for the 
luirposCvS of the beginner ; but he who luus made some progress in 
(In^ seieiiee will at once .see the importance of more minute mineral 
and chemical distinctions. The presence of some peculiar miiiernl, 
for iiistam-e, may (tftcji help us to ideutify .strata \ery widely 
separated, or to trace sojue ice-drifted boulder to its parent elitf 
when no other aiil is .available, 'fbe prevalence of some peculiar 
pebble in a conglomerate -.and Ibis peculiarity dejH'iiding, it may 
be, on the presence of some .aeeitlent.al mineral may lead us to 
infer with eert;iinty whether such conglomerate w'as derived from 
the waste of rocks existing in the region where it occurs, or hail 
been borne from remote .and unknown continents. And, as it 
li.appens that all the crystalline rocks derive tlieir names and dis- 
tinetions from their mineral eompo.sition, it must be evident that 
the geological att.ainments of him who knows little of mineralogy 
wall be limited and uncertain compai'cd with those of the practised 
mineralogist. 

03. Again, since every minenil h.as its own chemic.al composi- 
tion, and the combinations and deccunpositions of chemical ele- 
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Mieiits are governed by fixed and known laws, he wlio lias a 
knowledge of these laws will be better able to account for pheno- 
mena, and to say what is possible or inn>o.ssible, than he who has 
no such knowledge to guide him. To take a few obvious exam- 
ples : CTystals of gypsum (selenite) occur abundantly in certain 
tertiary clays, and ,are forming, it may be, at the present moment. 
Ifow is tills? These clays, it is found on examination, eoutaiii 
e.iiixiiiate of lime, and snlphuret of iron round some organic 
mi<‘!eus ; and through the peivolatioii of cjirhonated waters a 
(ke.iiMi»osit ion of these ingredients take.s ])hice, and the sulphur of 
the I'lie uniting with the lime of the other formsanew eompoiind, 
gvpsum or sulphate of lime. Agaiu, we know that silica is held 
in >(>Uition hy many tliennal watei-s, like the geysers of leeland ; 
and. knowing this fact, we can account for the presence of flints 
in ehalk, of quartz-veins in many rocks, and of other similar 
]>lien()iiieiia, without having recourse to any imjio.ssihle theory of 
animal or igneous agency. Quartz or silex hy itself is a most, 
intraetahle and retraetory substance ; while, in combination with 
a little poUish or soda., it is readily fns»'d, and, on cooling, forms a. 
glass, slag, or "ranular rock, according to the rajiidity or slowness 
willi wliieli it is cooled. Knowing tiie greater allinity that cer- 
tain snbstaiiees have for others, their degree of fusibility, iheii' 
[lower of retaining and parting with li^'at, their mutual deeom 
j'l'sitions and reuiiions— in fact, knowing more or less their whole 
1‘hemical relations, and the infiuenee of physical comlitions, such 
as jmessure, iVc., on these relations - we enter upon the investiga- 
tion ot geological probh'ins with an unerring light for our guid- 
ance -a light without which many of these investigations would 
he iiiq>ossible, and much of geology little better than ingenious 
guess-work. 

I)t. In tollowlng outhi.s researches on the mineral and chemical 
Constitution of rocks— -and, uKjve all, learning to disei-iminate by 
cxt('iiial a.spect — the student, as already liinte<l, cannot do hettcu’ 
than examine with the eye and eye-glass the .specimens in sonn* 
well-arranged and ])r()perly labelle*! collection. There is always 
••’lime external characteristic of fracture, eh*avage, lustre, colour, 
liardiioss, .and so forth, .suflieiently persistent to guide the observer ; 
and it is astonishing how readily and accurately an attentive eye 
h'arns to a]»i)reeiate .such distinctions. Where hesde .•ussistance is 
"anted, M'Culloeh’s (Jeol<Mjical Cl<mlfkation of Rorh,- a work 
I'f some date, but of great practical valm; ; Profi^ssor .lames Nieohs 
M'liuial 0/ Mincrakxjy, winch brings np to a rcci-nt d.att^ the 
•jynonyins and analyses of European minenvlogi.sts ; and Prufessoj- 
liana’s Si/stem of Mhioniloijij, eitlu?r in ilie al>ridge<l or extended 
<"nu, will sup])ly the inqiiiriiig .student with all (and unfor- 
tunately with a great deal more than all) he is ever likely t<> 
I’eqiiire. 



( LASSIFICATIOX OF THK MATERIALS (’OMPOSINO THE EAKTIl's 
( Ul’ST INTO SYSTEMS, (iUOUPS, AND SERIES. 


i)r>, 'I'o nn-lvo at a knowlodj^c (»f tlio past aspects and eoiidi- 
tioiis of tlie {^do1)e, it is nec(‘ssary to do soinctliino more tliaii 
examine the mere mineral constituents of its masses. These i f 
themselves (ell little iiidess stndie<l in connection with their fos- 
sils, their or<l(*r of superposition, and other stratigraphical rela- 
tions, It is by such an investigation tliat. we are enabled (o 
<letermine the relative ages of strata, to judge whether they weiv 
deposited in lakes, in estuaries, or in seas, and to say what kiinl 
of plaids and animals nourished at the time of tlieir formation. 
.\t tlu' present day, tln^ layers of mud, clay, sand, ami gravel 
d('i)ositing in tropical estuaries and seas, will contain less or movi' 
the remains of plants and animals pt'cnliar to the tropics ; tlio 
dcjioslts forming in temjx'rate regions will contain, in like man- 
ner, the rmnains of pdants ami animals belonging to temperate 
climates; ami shonhl a tiim* arrivci when the.so layers are con- 
V(U‘te<l into solid strata, the fossilised plants ami animals will be 
eonit' a certain index to the conditions of the region at the time 
of their entombment. As with deposits now' in progress, .so with 
the strata constituting the solid crust ; the low(«t must have been 
fonneil first ; the .series Iteneath mu.st be older than that above 
it ; strata abounding in shells, corals, and other marine remains, 
must hav<» been depo.sited in the sea, while tlio.sc containing fresh- 
water plants and animals give evidence of a lacustrine or estuary 
origin ; igneous rocks, wliich displat'e and break through any set 
of strata, must In* more recent tWi the.se strata ; and if another 
set of .strata overlie those igneous rocks, then must they liave 
been deposited in water at a iwriod subse<piont to the igneon.s 
eruptions. These and similar propo.sitions are so apparent, th.it 
the student can have little diflienlty in comprehending the prim 
eiple.s upon which geologists have ])roeeeded in ela.ssifying the 
rock-formations of the globe. 

9f). The princiixd guide.s to geological elassiticatiou are, there- 
fore, order of snj)er|>08ition among tlie strata, their mineral com- 
])osition, and the nature of their inil)edded fos.sils. The most 
s\iperficial observer must have noticed the different a.speets of the 
rocks in different district.s, and a little clo-ser inspection w ill enable 
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him to detect that one set lies always heneath another set, and 
tiiat while certain shells and conils are found in the lowi*r series, 
the upper series may contain only the remains of terrestrial vi'Lre- 
fation. In other words, he avill find sandstones, eon^lomi'rati s, 
shales, and limestones, each |K>inting uAlitferent a^eiieii's and 
ouiditions of formation, lie will find certain limc'stom's or sand- 
>toiies always maintaining a fixed position in relation to the other 
slra4;i; and he will, in all piohability, iliseovi>r that avhile tin; 
Hint .stiuies are .stmlded with shells and fiagments of corals, tlui 
>hah's and sandstones contain only the impressituis of leaves, 
Hraiiehes, and trnnks of trees. It is by this kind of testimony 
that the gt'ologist is enabled to deeipher the history of the earth’s 
i rust ; and, as the stmlent will afterwards find, every pecailiarity 
t'f texture and strneture, every lamin.a of stratum, every ripjde- 
I'lark and impression on its surface, tells some importaid tah* of 
ilie pa.st, while a solitary tooth, the fragment of a bone, a miero- 
si 'ipie shell, or tlie dritted frond of a fern ay, even tin* minntest 
s|iiiies and ])nncturcs on these -will en.ahle him to <ieeide with 
I'm tainly .as to conditions of sea and l.aml, estuary or oeean-lied, a 
'•"Id Ixireal climate, or one of trojuc.al tcmperalurc. 

IH. Ilius, in sinking u shaft in the neighlxuii'hood of Txindon, 
would pass through thick heds of soft ]»Iastic cl, ay, layers of 
emd, aud strata of water-worn Hint gr.avel ; at ( 'ainbimlge we 
W'liiM pass th)-ou^di strata of eh.alk ; in tli<^ east of Yorkshire, 
ilii'"UL^h .sti-ata of fine-grained sandstones, and soft yellowish linie- 
•!''iirs called oolite; at Newea.slle, Ihrongh strat.a of shale, coal, 
oiil eoar.so-grained .samlstones ; in Forfarsliire, Ihrongh .strata of 
i"l and greyish s<and.stuiies and conglomei’ates ; while on the 
ibiiks of the Grampi.ans, we would pass through beds of rooflng- 
datf and hard erysbillinc schists. On a miimter insjieetioii of 
di' 'c stKibi, we would find that one seiaes lay heneatli, or was 
' M-r than another .series ; that the chalk, for cxiimple, lay heneath 
tlit‘ clays of London ; that the yellow Jimestom‘s of York l.-iy he- 
I'cath tin* chalk ; that the coals of Newc.mstle were deeper se.ated 
'kin the oolite.s of York ; .and the red sjind.stones of Forfar still 
'"•per than the coal-bearing .strata. Further, wlicn we Itegan to 
'‘I'liiiiif the fossil contents of these dillereiit sliata, wc should 
'nid each .set chanictei-ised by peculiar pl.ants and animals -soim; 

' 'iitaining marine shells and corals, some the remains rif large 
■' i'tilf.s and fishes, and others replete with the <le})ris of terres- 
'lial vegetation. Ly these metho<ls we would so(»n Ixt enabled 
" identify tlie chalk stnita of ('ambridge with those of Kent, the 
oliies of York with those of Ikith, the coal-ineastires of Ncwc;istle 
•' itli those near Glasgow, and the slates of tlie Scotti.sh Ilighl.'iuds 
''I'll those of Cumberland aud AVale.s. A.s with the rocks of 
''•■itain, so with those of every country investigatfMl by geoh^igists ; 
‘'‘d tlms they have been enabled tu arrive at a pretty accurate 
ias,dtication of the stratified rocks, both in point of time and 
iiiueral character. 
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Prop;rcss of Geological Classification, 

08. Without euteriug minutely into the history or progre.s.sivr 
Ht( p.sof this classificiitiol, it is ucce.ssnry to drawattentiou to sevcj-rii 
of its features as these are still retained in geological nomenclature, 
find more or less influence our ideas of succession and arrangement. 
The earlier history of geology is more curious tlian instnictive, for 
it wa.s long before correct iiotion.s were arrived at, either ol tie 
v;wt auti<|uity of our efirth, of the numerous phases its siii)erlioial 
crust had assumed, or of the 8ueces.sive races of plfints jina 
animals that had ])eopled its laud ami waters. The first jienii.i- 
nent division of rock-m;isses was that made by Leibnitz in 
1G80, when ho divided them into atratifed and unstnitified tlu* 
fonnor the products of de])ositi(»ii in water, the latter the result' 
of igneous fusion. A little before his time (10(50) Steno had intm- 
duced the terms primarif ami aecoruiar^~~i\w. former embi-aeiiiL' 
all rocks void of fossil remains, and coutemjioraueoiis with tin 
creation of the earth itself; the latter, those that were lossil- 
ferous and formed since that period. This ide^a w;is tfiken nj) !•} 
Listei', lliwke, Fuscliel, mid olhens, and various subdivisions pn- 
posi‘(l — jartly from the composition of the secondary rocks tlicin- 
selves, ami partly from the diflerent fossils tlicy containol. 
Little or notliing of these subdivisions are now retained ; ami 
perlnaps the mo.st delinite was that of Lehnuinn (ITriG), wh" 
added a thiril grand division to tho.se proposed by Steno, thus- 

AofVf/ - Piirtial luid local in ditVerent regions. 

.Sficojo/ro ?/— General, and conUiining fossils differeul from j)lants ai: i 
animals now existing. 

TIniversal, and ilovoid of fossils. 

The next important advance was that made by Werner, wli", 
finding in many of the .so-called primitive i*ock3 distinct evideiitv' 
of a stratiliod or mechanical origin, as well a.s tmees of fossil', 
proposed to .subdivide them into primarfi and transition. Tlii' 
arratigemeiit, as well as tlie more exact Uleas he attached to tli 
terms st'comiary and local, were at once adopted by his conteiii 
]iornries, and continue to influence, more or les.s, our .schemes ol 
elas.sitic.'ition up to the present day. His scheme, briefly vie^ve(i. 
niiiy be tabulated as follows : — 

- bocal and 8ui>crlicial accnmulations of sainl, clay, gravel, ar, ; 
the like. 

Ftod: (llat-lyingl — Sccondari/ or fossilifcixnis strata of samlstono, lini' 
stone, g\’|isuni, coal, kc. 

Iniiisliion — Transition limestone, gl•cywack^, flinty .slato, k^'.., 
fossiliferous. 

— Of crystalline oi-igin and devoid of organic remains. 

Such was geological chissifioatioii till about the beginning • • 
the present centiuy : nor were these views of arningeuieid 
m-rived at without* a great deal of controvei-sy and opposition 
It w:is then that the battles of opinion were fought betwecu 
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Dilui'ialists, and I'o,'SsUis(,i — tlie fii'st bnildiiiLj up 
iTU'lo tlieories of the universe on a slender Iwesis of facts ; tHe 
sciMiid a.scni)ing every phenomenon in tl>e earth’s crust to tlie 
opt ritioii of the Noachian deluge ; while the last contended, un 
fo>-il evidence, for the long continuance of the agencies now ]>ro- 
tluctive of change on the face of the globe. During this time, 
ah", the Wernenans or NeptuntsU contended strenuously for the 
r,<|nious origin of all the old rock-formations ; wliile the Jlutton- 
i‘t,u or Vnlcanists, in op]X)sition, a<lvocated an igneous and 
oniptivc origin for the traps, basalts, greenstones, and granites. 
Tlii'so schools and controversies have long sinci! ])assed away ; 
and tliough it is sometimes said that every word on geology, 
j.ivvious to the present century, might be obliterated without 
causing much inconvenience to its |)resent cultivatoi’s, .still the 
language of the science is so impregiiatetl witli technicalities, a.s 
well as in some meiusure with nunies of thought derived from 
these early schools, that there -can be no intelligent progress 
without some acquaintance with their history, 
l>!t. Ah(»ut the hoginning of the jwesent century Willi.am 
Smith, “ the father of English geology,” some of the founders of the 
Lnndoii (Geological Society (ISGO), Stiussure, Cuvier, and (jthers, 
h('gan to ])r()oeed upon more philosophical methods. (Group after 
guoiip of strata was cx.ainined, sectionised, and maj>ped, not accord- 
ing to mineral com{)osition aloiu*, but .according to order of sujicr- 
|'o-<itioii, and, above all, acconling to their distinctive fossil con- 
tent'^. The motto and maxim wa.s then to examine and compare, 
'’"lh‘ct and describe facts, and to accept all liyjxdheses .and gene- 
ralisations as mere provisional aids and exj)cdi»uits. IVoceeding 
'Ton this method, neve subdivisions ami arrangements were ju'o- 
jMix il liy several investig.ators ; but few met with ace»‘j)tauce, and 
tin' following modification of Werner’s sclieme continueil for 
laany years to give direction and consistency to the researches of 
iiio'lcrn geology : — 

f JGeci’xt. — All superficial accumulations, as sand, i.'ravol, silt, iimrl, 
p('at-mos 8 , cond-reefs, Itc. Contain the remains of existin'/ 
plants and animals onhj partiall p fossil istd. 

TiuiTlAliy. — Loc.al and limited de]«)sitH of regular strata oceurring 
above tlie elialk. Contain the remains of plants and animals not 
diff'ei in;/ icidelp in character from those non: existin'/. 

Skcond.vKV. — E mbracing all the strata known as chalk, oolite, lias, 
enal-iiuMsnres, mountain limestone, .and old red samlstune. Con- 
tain Jossd plants and anonals of sjjecics totalip dijfen'nl from 
those 110(1! cxistinp. 

Tuansition,— S trata of slaty and siliceous s.andstonos, known as 
‘'grejavaoke,” calcareous shales, ami limestones. Contain fm 
or no fossil jylajifs, and the remains of no hipker animals than, 
Crustacea, shell-jish, and zoophples. 

PuiMAUY. — All slaty and crvstalline strata — as roofinii'- slate, mic.a- 
sehist, and gneiscs, very hard and compact, and totally destitutu 
C of organic remains. 

E 
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Systems of Modern GeologLsts. 


100. By a more extensive examination of the strata in difft i t m 
eoiuitries, and especially by a more minute inve.sti ^ration of tlu ir 
tossil contents, these formations of the earlier geologists liav, 
since been subdivided into systems, groups, and series. °This new 
arrangement lias been founded either on mineral or on fossiUdis- 
(inetions sucli ditrerenccs being sudicient to warrant the conclu- 
sion that eacli set ot strata was formed during .successive epoclis, 
and under dilferent conditions of external nature. The term-i 
formation, system, group, &c., are somewhat loosely employed ly 
ge<»logists ; but in the .succeeding chaptera w'e shall use tile teriii 
.v/4e.m to signify any great assemblage of strata that linve ;i 
number ot mineral ami fossil charaetei*s in common ; the ti im 
iiroiip, to denote any portion of a system marked l)y a closer 
resemblance of inineml and fossil character ; the term seric.% tn 
designate any poition ot a grou]> which has .some very markei 
cliaracter, either inineral or fossil ; and so on with other subdi\ i- 
sions ot the stratitied toi'inations. A system may thus compre- 
hend several group.s, a group .several series, and a series niav have 
•several distinct sUuje.^ or horirMm at which some peculiar form.s ( l 
life appeared in greatest abundance. Brocociling upon this priii- 
< iple, the stratifitnl i*»>ck.s may be subdivided into the folliAviiiL,' 
•systems and groujis . — 


I. ro-ST-TiacrrAiiY SY.STK.M, coniprisin}j: .aH allini.'il .loposits, i)eiit-iii(is.sos, 

ounil-ivets, raised lieaclies, and oilier recent aceunmlatioiis. lU luth'hs 
oj pht/its ((/id ((ui/iiitfs h( to sp('(des now ij-ldi/K/. 

II. Tkutiauy Systkm. emlnaein^r the “Drift.” and all \],c re>n,larlv 
stratilici clays, marls, limestones, and lijj^nites, aliovo the Chalk; 
arranged into pleisOx-eno, |>lioeene, miocene, and uocene trioui -, 
yi’cwo/wi- ot plants a/,d aninuils j’„r the /rmt part exti/ict, lad /d 
ddlcunij widel>jj/<,in ixisti/Kj species. 

III. Chalk or Ciiktackocs Sy.stkm, emhracin<,Mhe chalk and LM-eensiu,.! 

gronjis. Hemams oj pla/ds ond animoh chiiih/ //larine a/id biln/ 'i- 
duj to spcfus now (.dnirt. '' ’ - J 

. Ool.iTie Systigm eomi)ri.sing the woalden strata, tho ui.i)or icd 
lowei oohto, and the has. Itcmams of plants a/id aninmls ttia 
most remarltdde being huge reptiUa) leloiujlntj tog, mm now ,jtihd. 

dio upper port.ion-Balifen-u.s m.arl^, 
musiliolkalk, and varie^rJited .sandstones — of what wa.s fonm rlv 
tt'rmod the “new rod .sandstone.” Ifcmains op idants ond unino'is 

' tho lower iK.rtion-magne.sian lime- 

rf'<i formerly terrnell tho “n. w 

<>/ pittnts and animals ren/ closeig allnd, 
and ojte/i identical icdh those o/the carbon iftrous strata 

.St,™-'-. the‘c«al.n.oa«,>m,, tho n.0,,0. 

tarn hmestono, and the carb.,niferous .slatos. Remains c^f plants awl 

»^<>'i^>^^<il>und(ini~th€dudinguuhi,ig/eaU(r^^ 


IV 


V 



SYSTEMS OF MODERN OEOURIISTS. 


(»7 

rdjehiti^n in the conl-meatvres, tind marine shells and :iio}>hi/((s in 
the iinmiitain limestone. 

VIII. Dkvo.nman Sy.stf.m or Old Ri:d Sandstonk, embnuin^^ tlio yolluw 
.siiiKistuiio, red etmj'lunierate, and rtaffsOmo (4 to»i|is. Jtenuiius 
vj fishes and cruslarea abundant, of other animats rare, and of idants 
nr If few and imiterfict. 

IX. Sir.nUAX Sv'STKM, embmcinjjr tl>c uji[kt and lower sihirian ^rroups, 
ur tile Ludlow, Weiilock, and Llandeilo sorieH. luviains of pieulm r 
rrasiaceans, nioltiisca, radiata, and zoophfcs. 

X. Mki amoui’HIC or Nox-KOsaiLiFKUui's Sy.stkm, embnioint,' the clay- 
.slate, naea-sehist, and gneiss grou2»s. All hard and n i/stalline rods 
dt roid (f fossils. 

Idl. Sucli .TVft the fitnitilied rocks when arr.ange<l in .systems 
group.s ; autl, so far ?us geologists have lieeii eiiahled to ilis- 
eover, there Ls no deviation from this order of succession. It 
innst not he sujiposed, however, that all the.se groups are found 
at any j'art of the cru.st, lying one above another liki* tlu; coats 
"f :m onion *, on the contrary, only one or two of the groujis may 
lit* (lcvelope<l, and the.se very scantily, and not in immediate sue- 

0 ssioii. All that Is meant by orJe/' of .siicccssioti among the 
stratified rocks is, that wherever two or more systems come 
t'^'jetluT, they ;ire never found out of place ; that i.s, the chalk is 
ii' ver Ibund iieneath the oolite, oolite lieneath the coal, or coal 
''••iieath the old red .sandstone. In Fifeshire, for example, the 
' arltniiilerous system immediately overlies Ihe <dd reil sandstoni! ; 
ill Durh.'im, the new red s<andstone overlies the coal; in V'ork- 
diire, the oolite overlies the new red .sjimlstone. and the chalk 
tiui oolite ; in Kent, the tertiary strata overlie the chalk ; and 
thus, though we do not find every series at one and tike same 

1 h'K'e, we always find them occurring in the onler aliove de- 
' ribed. The old red .Hjind.stone and silurian, for instance, might 
i"' alisent, and the coal in this c.'tse might rest <kn the clay-slate ; 

' r the new red saiid.stone and oolite might be absent, and chalk 
iiii-jlit rest on the c*oal ; or even all of tlke.se might be waikting, 
■okI chalk immediately overlie the clay-slate. Still, there would 
he no l eversal — a higlkor .system would be overlying a lower ; and 
di'' iikt'erekkcc to be deduced would .simply be, that the region in 
\'liich aikv .set of rocks wjis wanting, hiul been dryland during the 
'hpositioik of these strat'L This order of succe.ssion, or mperposi- 

as it hius been termed, is the great key to the sobition of all 
.-' ological probleikks ; aikd so soon Jis an observer h;i8 fixed ojkc 
p’iiit iki the series, he knows infallibly his position in the history 
"t the cru.st, no matter in what region he may be placed, or what 
tie* distance from the .scene of his fonner observations. In deter- 
’uining his position, rn'riwred characteristics may sometimes fail 
•‘iiik, aikd a sjiudstoiie of the oolite may scarcely be distinguishable 
hv'iik a sandstone of the coal-measures ; but paloeontolof kal 
• kiracteristics are so constant, that the moment he discovers a 
h-w fossiks, he is at once enabled to pronoimce whetlker he is on 
''Ik oolitic or on a carboniferous district. 
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102. 1'lie ooii.staucy of fossil cliaracteristicN Ikls sugge.stod tlie 
classiticMti(Ui of tlie sodiiiieiitary rocks into certain great divisinii- 
according to the types of living beings that predoininateil v. 
certain epochs ; an<i as geological inve.stigation ailvances it > 
nioi'c than ]»robable that wo niii.st abandon our rock groii[)s an! 
systems, and adliere to great life periods as the true exj)oneins > • 
the world’s progre.ss and history. To our conceptions, vitality 
a higher effort of creative energy than mere inorganic niatten J; 
is a more sensitive instrument, as it were ; hence its value as lu; 
index to geological change, and geologiwil duration. As yet (licv 
life ])eriods are not very clearly determined, and ?us we will 
occasion to advert to them again and again, it may be eiiougli 1 r 
the student, at this sPige, merely to tabulate their order in cei.- 
nectlon wdth the rock-.sy.stems already alluded to 


Cainozoic PEUIOI) 
(Reo iil Lift), 


Mesozoic I’Kinon 
{Middle Life), 


Pai-eozoic Pekiod 
{Anciint Liji), 

Azorc Peiuod 
( \ 'vid of Lifi), 


I Po-st-teKiary or present epoch. 
1 Tertiary epoch. 

{ (’retaceouH epocli. 

Oolitic epocli. 

Triassic ei»('ch. 

Permian e|»och. 

('arlK)niterous epocli. 

Devonian epoch. 

Silurian epoch. 


N<)n-Ios.si]ifcrons epoch, or 
Metamorphic .sy.stcui. 


Instead of this arrangement it ha.s been proposed hy some t ' 
.substitute the following as sufficiently di.stinetive ami m r 
pliilosophieal : - 


Neozoic Peiiiod 
( A'tw Lif ( ), 


Post-tortiary or |>rcsent epoch. 
Tertiary e)Kich. 

Cretaceous epoch. 

Oolitic e|)och. 

Triassic ejioeh. 


Pae-eozoic Period 
(.1 Life), 


Permian epoch. 
Carboniferous epocli. 
Devonian epoch. 
Silurian oixich. 


II \TOZoic Period ( MoLimorphic rocks in which fos.siIs 
{lien eath Life), ( have not yet been deteotod. 


In either case, all that is meant by thearraiigeineni in tlie im aii 
time is. that iluring certain ejwehs there was a certain typi'^i 
re.semblanee among the beings then peopling the globe ; tin' 
down to the ehalk, fo.ssil species closely resemble those now’ exi't 
ing {cainos, recent, and roe, life) ; from the chalk to the Permi:!!^ 
the departure from recent tyjies was greater {mesos, middle i 
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that from tlie Permian dowiiM’ards tlie sjtecies were alto- 
^vtlu r distinct from the recent, and ditferent in a majority of 
instances from tliose of the middle period [pahiios, ancient), 
'I'h,' term Neozoic {nmSy new) merely exjiresses the distinction 
ill broader terms ; 'while Hy}W,oic {hppo, under) imjilies only 
the sulijaeeiit position of the metAinorphic rocks— leavin<r it to 
liiture resetirch to determine Avhether they are ahsolutely void 
I'f l'*ssils m' not. Whatever view may he twlopU'd, the student 
>liniild remember— and he cannot be too early e.autioued ever to 
li. ar in mind — that throughout the whole of creation thenns only 
oNK SYSTEM, aud that in time past as in time ]»rt‘sent, every 
:i.jM‘ct of nature gives evidence only of one all-]H'rvading, rdl- 
■ lii'i cting Mind. The matterof the univei-se may undergo ehango 
( f jilaee, appcainince, and arrangement ; still it is the same 
matter, subject to the same laws that have operated tlirough all 
tiiiie, Tlu! plants and animals »in this globe maytussume ditlerent 
-jHcihc aspects at different ej)ochsand under different conditions ; 
vtill they are constructed on the .s.ame plan ami princi])le, and tlie 
l ius which inrtuence their luntig now, are identical witli those 
that have governed vitality .since the dawn of creation, Witliout 
this uniformity of hnv, the stmly of nature would l)e imjiossihle. 
Then* is only oNf: great system in cn^ation, and the ])erjoils and 
M.^ti'ins of the geologist must be regfiialed as mere jirovisional 
'Apcdieiits towards the elucidation and caunprehensiou of that 
'yslcin. 

lo;}. Besides these ol.assifications of the stnititied rocks aecord- 
in.: to tlieir mineral ehantcters, their fossil contents, and tlieir 
"itliT of superposition, tliere h.as also been atteinrded an arrange- 
iii' lit of the unstratitied or igneous masses. These, we ha ve 
hvady seen, appear among the sedimentart^ strata without order 
' !■ airangement - heaving them out of their original horizontal 
positions, breaking through them in mountain miLSHcs,orover' 
'■pn-ading them after the manner of liquid lava. Owing to tliis 
ni'' gnl.'irity of origin, they are often better known by tlieir 
mineral composition than by their <»rder of occurrence. Still it is 
'■usiomary to speak of them iis Granitic, Tkaiu'EAN, and Von- 
' amc ; meaning, by tlie term (franitic, the igneous rocks which, 
ITc granite, are usually found a.ss04nated with the older strata; 
I'y the term Trajijiean, the igneous rocks most frequently assoei- 
•ited uith the secondary and tertiary strahi ; and hy tlie term 
^ "Ic.uiic, those that liave matle their ap|)earancc during the pre- 
'I'lit ejKich. It is true that it is often next to impossible to dis- 
tirignisli certain volcanic rocks from the more ancient traps ; and 
h is also well known that granitic effusions occur among seamdary 
trata. Still, taking the three classes on the large scale, and look- 
'“g at the stratified systems with which they are usually associ- 
■'^'■'4 it Avill he found of essential service to retain the subjoined 
'■’asidfication : — 
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‘ „ ( Lava, traclivte, scoriae, kc., fussociatcd with recent 

{ Trap-tuir, luny^'ilaloid, "reenstone, hisalt, &r.. 
usually associated with tertiary and secondary 
strata. 

(’ll win ' ^ Oranito, syenite, isn-phyry, &e., usually a.ssocialc<l 

I with transition an<l primary strata. 

Witli those (list i notions, w) close, in the mean time, onr roinarU 
on the divisions of the stratitied and unstratiliod rocks -dcfen iii; 
niinntor details fill wo coino to discuss the resjM'clivc systoiio 
All that is necessary for the student at this sta^'o is to renimiit" ! 
the broader lines of distinction; to ri'eollect that the prcoedii!, 
class! (ioation refers more esjHrially to the strata of the llriti h 
fslands ; and to hold it in some measure provisional till oeoloojst, 
ha\'o bi'cii enabled to co-onlinate more (doscly the rock-systcnis 
other regions. 


NOTH, RKl'ACITULATOKY AND EXPLANATOIIV. 

101. The purpose of the preceding chapter has been to exhihii 
the olnssitication adopted by geologists in describing the vari'iU' 
rock-fonnations which constitute the crust of the globe. The ba.'i' 
upon which such a chusificatiou is founded is cither mineral cimi 
position, fossil contents, or order of su|>erpositioii. By these aid' 
the order of sequence among the stmt i tied rocks has been jirctiy 
accurately aseertained ; hence the sulxlivision of formations iiit 
systems, groims, and series. In making such an arrangement, i' 
is not atlinned that any portion of the crust e.\'hibits these sy.stciii' 
one above another like the coats of an oniem, Imt simply that oa* 
siu’ies always sncceed.s another in ileterminate order, and tlia’ 
though several series may be wanting in certain districts, sud. 
series as are ju'esent are never found out of their order of suciv' 
sion. Beginning at the surtacc, we have, in descending order- 

1. Post- tertiary or recent accumulatious. 

2. Tertiary strata. 

.'b Cretaceous or ciialk system. 

4. Oolitic system. 

f). Triassic or uj>per now rod sandstone. 

(!, Permian or lower new rod sandstone. 

7. Carboniferous systeiu. 

iS. Old red snnd.stono, or Devonian .system. 

9. Silurian system. 

10. Mctamorphic system. 
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The lii-st Dine of these systeina arc spt'tkeii of as the Fimllift'j'ouM 
beeause they contain, less or more, tlie remains of plants 
animals; the rocks of the last, which contain no traces of 
vc;:< table or animal life, are termed the A\)n-/omli/croiu< Itcfci- 
lini; to the fossil contents of the ditFerent strata, the term Nevzoir 
airwlifc) Is ap])lied to the rec»!nt, tertiary, and npper sceomlarv 
, |mw 1 is ; the term Pa/aozoic (ancient life) to the lower secoiularv 
aiuljransition epochs ; /I zo/c (or destitute of life) to the j)rimary 
tw iKiii-fossiliferous epoch; or, avoidiiit' all opinion as to the 
alis. iice of fossils from these rocks, the term y////>o:o/c (beneath life) 
siiiiiily points out their position Jis lying uiulcr those systems 
uhiih are decidedly fossiliferous. As with the stratified, so with 
tic unst ratified rocks: some acknowledged plan of classiticatioii 
is iieeessary, and that which arranges them int<» FoA-o/o’c, 7V(0/- 
ami Yn'itiiidc, is perhaps the most intelligible, as well as the 
most generally adopted. l>y employing the classification above 
indicated, every geologist, in treating of the rocks of a district, 
sjeaks a language intelligible to other geologists, ami all the mon^ 
intelligible that it is a classific-ation foumled on facts in nature, 
ami not on mere arbitrary or technical distinctiems. 

bid. The stciis by which the ]>re<*cdingan'angcuieuts havelieeti 
arrivt'd at h.ave been diverted to in the context, that the student 
may comprehend more fully the apjdication of many of the terms 
'■m|tloyed. Knowing the progress of his science, he will be at no 
I'l.'S lo comprehend the import of such jdiraseology as “ rocks of 
th<‘ transition jieriod,” “a.sj)ects of primary districts,” “fos.sils (»f 
lie younger secondaries,” “ fauna <»f the tertiary epoch,” ami many 
"thers that are in daily use among working giadogislH. Tdie whole 
selieiiie of arrangement is one embodying i<lea,s of progress and 
gradation ; hence wa; sjieak of “lowerand ujuier palaozoics ;” “older 
and younger secondaries;” forms that die out at the “close” of 
one epoch or ajipear at the “ dawn ” of another ; and of species that 
are ehaiiicteristic of some definite “stAge” or “horizon” in soim^ 
particular system. To impart a thorough conception of the plan 
"t classification and of the sjiirit that pervades it, has been tie* 
main object of the foregoing chapter ; and the student who has 
mastered this may be contented to leave the names of minuter 
•'Subdivisions to a future stage of his progress. For the sake of easy 
reference, however, and in some measure U) servo as an index to 
the deserijitions of the several systems, we subjoin a tabular out- 
hue of the arrangement of British rocks as at present accepted bv 
“ur leading geologists -referring the student for s^)me curiims 
historical details to the opening clmpters of Sir (diaries LycH’s 
Prii}ciplt‘-'< of Gcolotjy, and for minuter subdivisions to the 
Manual of the same author, as well as tha,t of Professor 
bliillips, published in coimection with the Encudopedia Mdro- 
pjUt'ina 
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I’oST-Tkrtiarv. 


Caruonikrrous. 


(In proirross. 

( liCCCMt. 

/ 1‘Icistoct'iie. 
j I'lioceno. 

I Miocenu. 

\,Eocc-IK‘. 
f Chalk. 

( Greensand. 

{ Wealilen. 

< Oolite. 

{ Saliferous marls. 
Musehclkalk. 

I'l'per new rod .sandstone, 

( Ma^^nosian limestone. 

( Lower new red sand-stono, 

/ <-'oal-nie.‘isiires. 

,* Mill.stone f^jit. 

"I Mountain limestono. 

V Ijiiwer eoal-inea.sures. 

/ Yellow sandstones. 

,1 Re<l eonj^loinerates, 

I Grev lissile suadsfones. 
VGreat con^duiuer.ite 
( Uf)Iter sihu-ian. 
s Lower siluri.an, 

( Cambrian (I) 
f Clay-^lato. 

\ Mica-schist. 

(Gnei.ssand f^^nvnitoid schi.sts. 


( Azoic, or 

/"'■ 



Till: lONKOUS "ROCKS AND TDEIR RELATIONS TO THE 
STRATIFIED OR SEDIMENTARY FORMATIONS. 


led. As repeatedly stated in the ]>i*ecedinfj chaptei's, llie io-neous 
r^rks have no detenninate position in ilie crust of tlie earth; 
III net' tlieir minor value a-s exponents of gex)lo^deal eondilions. 

I iilike lilt! straiirted rocks, they liave no order of superjiesition ; 

unless in some rare and accidental instance.s, they contain no 
"r.:aiiic remains. On the other hainl they deian;[j^e, break tlirou).;!), 
Miihlow over the stratified formations -a in I tins, ajiparenily, at 
li" lyifiilar intervals of time, or in no tleteniiinate manner. 
riiouLfh thus throwing no light on the vegetabht and animal 
liha.ses of the globe, nor supplying any idea of successional order 
in point of time, tliey are still of importance in ilejiionstrating 
dii‘ unity of geological agency; and their relative positions as 
^Vl•ll as structure and com])08itiou often enable us to exjil.ain 
I'ln iioinena which would otherwise remain unsolved, 'fhe study 
"f die stratitied formations and their imbedded fossils is no doubt 
th'' most expressive as it is the most attractive department of the 
"'■i« lice ; but he who neglects the igneous rocks and their concomi- 
tant appearances, must ever remain ignorant of many of the higher 
deiliictions of geology. 

b) 7 . Respecting the origin of the igncou.s, ov p^imjenrui.^ rocks 
are fre([uently termed, geologists liave yet no satisfactory 
thnuy to otfer- one class ascribing all igneous jiheiiomena to 
■'‘"iiie gi'cat ceutral source of heat within the globe, and another 
iRl' iupting to account for their production hy chemical niiions 
•'| a"iig the primary constituents of the rocky crust. The former 
<^1111011(1 that tlie occuiTence of volcanoes, eartlnpiakes, esoajies of 
boated vapours, and thermal springs, arc hy far too numennis and 
iieml to be accounted for on any principle of chemical union 
''.th which we are acquainted; and tlie latter, jKiintiiig to the 
' '‘lent evolutions of heat that accompany the ilecomjiosition of 
''ii‘h ba-ses as jxitassiuni, sodium, and calcium, argie for this view 
more philosophical and more in accordance witli natural law, 
liie one theory is knowui as the merhanicfjii, Ww. other :ts the 
''hoaical, and each has had its owm able and earnest supiiorters ; 
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but W(! sliall defer further notiee of their arguments till tlie sin- 
dent is j)resumed to be act|uainted witli the nature of tlie rocks t . 
which their rcjisoniugs refer. Meanwhile, admitting the igiicnu; 
origin of the rocks and their violent discharge from deep-seal . m 
sources, we shall proceed pMle.scribe their chanicters and relations 
as classified under the heads Granitic, Traitean, and Volcank 

I 

Giiinitic Rocks. 

108. Granite {(jraiumiy a grain) is so named from its graimlni 
C(mi[K)sition and ji.s))ect. 'J'he typical granite is a comj)ound . * 
(juartz, felsjiar, and mica, arranged in distinct grains or crystal; 
and all rocks partaking of the character and a[)pearance of granit' 
are termed (fnmitic. The epithets tjranitoid and (/runitifonn, aK < 
in use by geologists, are ap|)lied to rocks liaving .some reseiublainv 
to granite, though not deciiledly of granitic nature, nor even, it 
mav be, of true igneous origin, 'i'lie granitic rocks, |)ropejiy " ■ 
called, are all highly crystalline ; none of their crystals are roun.l.d 
or water-worn; they pre.sent no traces of (h'positiori or stratitica- 
tint! ; tlicy <)C(!ur in the cnist as mountain ma.s.ses and vciii-, 
bui-sting through and displacing the sedimentary rocks; andtluy 
indurate and otherwise alter (as all heated masses do) the strata 
with which they come in contact. From these cireumstanevv 
they are held to be of igneous origin ; and, as far as geologi>t> 
liave lu'cn able to discover, tlu'V are the most dee})ly-seated of all 
rocks -forming, as it were, the lloor or foundation for all tli' 
superimaimbeut formation.s. As the earliest of igneous rock>. 
they are generally found as.sociated with primary and transitim! 
strata, tilting them up on their edges, bursting thi'ougli them in 
dykes and veins, and variously altering their }X)sition8 and miiKsal 
character. Though occurring most abundantly among primitivi- 
strata, granitic outbui-sts may be found among rocks of all age>, 
but certainly not a.s a marked and general feature of tlie ]>eri(M!. 
In the island of Armn, for example, granitic dykes are fouml 
traversing rocks of the carboniferous, if not of the new' red saiul- 
stone period, and in the Alps granitic outbursts and upheavals are 
associated w ith stnita of cretaceou.s age ; but these are exceptions, 
and not the rule — the great epoch of granitic intensity beiiiL: 
that wdiich terminated with the tleposition of the silurian strata 

109. Whether occurring in veins or mountain-masses, tho 
structure of granite is irregular and amorphous. In its textuiv 
it varies from a clo.se-graine<l comj)act rock to a coarse and loo>e 
aggregation of primary cry.stal.s. In the com])ositiou of graniti ' 
roclM there is also con-siderable variety, and the student wall bc^t 
leiusi to di.scriminate the ditferent sj^eeies by the examination ot 
jkctual specimens. Ordinary granite is comp<ased of crystals 't 
felspar, quartz, and mica, — isof a gi*eyish colour when the cry.stal-^ 
of felspar are dusky-w'hite, and reddish w’hen they are coloured by 
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tho prespnce of iron. Wlieii the dark glassy mineral called horn- 
l.lciiile takes the place of the mica, (he rock is known hy the iiaihe 
„f (from Syene in U})per Egypt); and when Imth mira 

.'Liul liornblende an; present, tlie compound is kmnvn as a sjicnltic 
oi'initc. Occasionally talc sii])plants the mica, and them the ad- 
iiiixtiire of felspar, quartz, and talc is known hy the miine of 
l,r»tn<i\ne (litendly, tirst-fornuslV a term by no means lia)>pily 
rlii»ien, as many of these talcose granites (like those of the Alpsj 
uccnr in connection with rocks of secondary lonnation. Tlu* 
term hiifx-rdhcnk (jranite. is a]>plied to an adniixturtM)f (piartz 
ami liypei-sthene, with scattered (lakes of mica; and 

is a binary compound of felspar ami (juartz the cpiartz 
li- iinj disposed through tlm felspar niatri.v like tin; lines of Ai-abic 
writing — hence the name. Another (ine-grained com))ound o| 
ft Ispar and (piartz, with minute scales of mica, is known by the 
name o{' pe/ptMtite {pcffuiay compacte<l); ami porp/ii/ritic (jninitr is 
(he term employeil when, in addition to the crystals coinjmsiiig 
the geiu'ral mass of the rock, there are indisciaminately mingleil 
through it larger and independent crystals of ielspar. 

1 lo. lk;sides the preceding there are other granitic coin])ounds, 
in nil of which fels])ar, quartz, mica, hornhleiidc and hyj>erstlicn(! 
arc the jtrincipal ingredients, ami tab*, ste.atite, chlorite, schorl, 
and actynolite the accidental or modifying minerals. It isenongli, 
however, for ordinary purposes to be .able to discriminate tliose 
already ifleutioned ; ami to reniem)>er tb.at granites are often 
s]»ok('U of as binarp, tenuiri/^ and (p>>iUrn<frip a<'<*ording to tlie 
number of simple minerals which enter into their composition. 
Tims, grapliic granite as composed of felspar ami (piartz is a 
binary ; ordinary granite of felspar, quartz, <and mica is a tttrnarv ; 
and syeiiitic granite of felspar, (juartz, hornblende, and mica is a 
<iuaternary comjwuiid, ^'hcre are, how'ever, many bbuidings ot 
these, one into the otiicr ; and in the saim; bill, or even in tb(‘ 
same (jnarry, w^e may find some lialf-dozen varieties of granite, it 
distinctions are to be founded upon the greater or less abundance 
(’f any one constituent minenU. 

lli. As an igneous rock, granite 0 (’cura citlier in eruptive 
inountain-ma.sses, in dykes, or in veins. 1 n genend, granitic dykes 
pieseiit a very different ?i.st>e(.'t from the granite th(;y tniversi; - 
li' iice we may have a small-grained conq)act rock traversing one 
et large granular texture ; or one in wliich several accidental 
niiiK'rals are developed that do not 0 (*cur in tlie main mass. 
Thus we have dykes and veins of glas-sy qmtrlz with a few scales 
"f mica ; of hornblende with a little quartz {hornhlende rock ) ; of 
hvpej-sthene with a little felspar (hpiwnthcne rock)] of glassy fel- 
spar with a little (juartz ; or of felspar witli large macles of mica, 
h is from these veins that w’e derive the “ crysUillised granit(;s ’ 

the mineralogist, the felspar of commerce, tlie schorl, tounna- 
line, rock-crystal, garnet, and other gems prized by the lapidary 
aiid jeweller. Another of the eniptivc rocks of the granitic and 
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iiietniiiorpliic ]>firiotl3 is that known by the name of 
an’ intimate ailmixtiire of varioiLS inaf(nesio-.‘*iliceons ingn'dii-ms, 
wliirh produce a s])eekU;d or mottled appearance, resend diijLf n 
serpent’s skin ; lienee the name. Steatite, ehlorite, diallage, augitr, 
crystalline liiiKistone, &c,, are common ingredients in many seipci;- 
lines; lienee the variety of aspects they assume, and hence al.-. 
the doubt that is sometimes .started as to tlieir igneous ir 
metamor[)hie origin. •• 

112. However complicated the mineral admixtures of granite 
rocks, and however varied their aspects, there are .several fcatiio- 
which they pre.serve in common, and wliich serve to distinguidi 
them from the later igneous rocks. For instance, they are nn j- 
crystalline, or rather granular-crystalline, than any other varii i v 
of igneous rock ; they are never ve.sicular, cellular, or ]>orous liki- 
traps and volcanic lavas ; they exhibit less .structure than trai»- 
])can rocks, being generally massive or cuboidal, and void of tlm* 
columnar .structure so common in basalts and greenstones ; tlii v 
{iri! never amygdaloidal like traps, conglomerated or breeciatol 
like traji-tulls, or scoriaceous like voleauic tufa. They seem t" 
li.ave been formed at greater dejitlis or under gri'.'iter pressuiv 
than either traps or lavas ; hence they are spoken of as j^ihUoni' in 
coidradistinction to rolo.inie, which may lie originated under tl;o 
open air. Fur similar reasons they are classeil hy some Amerienn 
geologists as p>/ro-cn/d(iflinc in contradi.stinction to the (raps aid 
lavas wliieh are regarded as pj/ro-phistic—n <listinction which 1lic 
student will find, as he advances, to be more apparent than r(‘al. 

lid. (Iranitic rocks are widely distributed, and form the jiriii- 
cijial mass of the most extensive mountain-ranges in the wnrM. 
Tlie (lram])ians in Scotland, the mountains uf (himborland aii'i 
(/oruwall in England, the Wicklow mountains in Ireland, th* 
Hofrafclds in Scandinavia, the Alps in Switzerland, the Pyreiict - 
in Spain, the Oural and tlirnalayan range.s in Asia, tlie Abys- 
sinian and other ehains in Africa, and the Andes in Soutli 
Ameritia, are all less or more comjwsed of granitic rocks, or of jn'i- 
niary strata tll^o^\^l up uiul altered in mineral character hy tlK sc 
gran i tie iutnision.s. They form, a.s it were, the .‘skeleton of our cliii f 
mouiitain-ehaius and tiilde-laiids ; and while in iiuuiy instaiici s 
they have been the immediate instruments of elevation, in other'! 
they were undoubtedly the i.slands and continents whose waste 
went to constitute the strata that now envelop their bases. 

114. d'ho physical a.spect of purely gmuitic tracts i.s, on the 
whole, dreary and monotonous. Huge rounded hills with little 
in-egularity of outline, Hat or slightly undulating moorland ex- 
jianses, and bald w(»odle.ss crags, are the common features of the 
districts where gmnite alone jirevails. Partly from the barren 
nature of their seauty .soil (decommsed quartz and felspar), and 
jiartly from their higli and elevated condition as mountain-chains 
and table-lauds, these gnmitic areas arc generally bleak and in- 
hospitable, jircseutiug few facilities for agi'iculturd improvement 
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i>r aintiiity. Draining and shelter liave done imioli to reclaim; 
liut the ;j;r}Uiitic mcsn'land seems almost lunamd the power of 
liiiiiiiin labour and inLamuity. 

llo. Tlie iudiistrial puq)oses to which granitic rocks are ap- 
plied are alike iminerons and im]Xirtant. As a durable build- 
inir-stoue for heavy structures, like docks, bri<lges, lighthouses, 
fortresses, the harder varieties ofgnuiite are invaluable ; and 
f.>r«ilu .sc, ;is well as for street juirposes, large (juantities are vt'arly 
ijii iiried in A beixl^enshire, Argyll, Wicklow, and other districts, 
111 Slime towns, jis Aberdeen, granite forms the ordinaiy btiilding- 
.^iiiic ; and those who have witimssed the public structures of that 
rit\ will see how "well it is fitted for the highest requirements of 
architecture. As au ornamental stone for monuments, balls, 
cliimuey-slabs, Pinal's, ])edestals, and the like, .some varieties of 
ci'nuite are rapidly coming into use— the beauty and sparkle of 
their variegated te.xture, and the perfection to wliicb they can be 
cur and wli.shcd, rentlering their adoption peculiarly desiralde. 
As yet Aberdeen is the headquarters of this species of luanufae- 
luic the whitish-grey of Kubislaw, the bluish-grey of Cainigall. 
mid the reildisb fiesh-colourcd of Peterhead, being the most 
c'ltcemed .sorts ; but some of the |)orpbyritic and marble-like 
^■aneties of Argyllshire and the Wesp*rn Islands .seem also to lx* 
cfiiniiig into demand. Some felsjiatbie granites, like those of 
t iniwall and Devon, are easily deeoinjK)s»‘<l wlicn e.xposed to the 
weather, and in tliis state produce a line impalpable clay (silicate 

"f alumina -silicji bO, alumina 40), known as Kaolin, or China 

'■lay, and largely employed in the manufacture of the finest pot- 
ti IT and ])orcelain. Alxnit 10,(KK) tons of the finest, and nearly 
of the commoner kinds, are sjiid to be annually collected 
and prepared for this piu’jioso in the counties of Devon and ( 'oi ii- 
wall. FeUpar, as a vein-.st/>ne, is also largely worked for y>ottery 
purposes, some varieties producing the finest and most durable 
'iiaiiicls. Apatite, or crystallised jdiospliate of lime, is another 
niiiieral product found in veins travei'sing the earlier igneous 
i’'»‘'l<s, and promises shortly to he of vast value in the prepara- 
ti'iii of artificial manures. Among the minor jtnxlncts of granitic 
r"< ks and veins may be enumci-ated mica (when in large plate-s, as 
a .'Substitute for gla.ss) ; talc; meerschaum. Aa carbonate of inaginisia , 
"'’•d in the manufacture of porcelain and for tol)ac<‘o-j>ip(‘.s ; (tsh>:.^- 
'''< and potstone, tt) he afterw'urds noticed ; rorFcn/stal, the amher- 
C' 'loured varieties of which are known ns “ (vairngonas” ffVom 
the mountain of that name in Aherdeeusliire); tourmaUnc ; her^t ; 
'J"ruct, and other precious luiuerals. 


Trapjtean Rocks. 

lib. The term trap (from the Sw'edish traj^pa, a stair) was ori- 
giually applied to those igneou-s i-ocks which- give to many liilLs 
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f»f the secondary period a terraced or step-like appearance. IMost 
of these rocks seem to have been formed underwater, here spread 
out as volcanic dust and ashes, there as flows of lava, and anon 
interstratified with true sedimentary matter. It is to these sue- 
cessional flows of igneous matter, and the subsecjiient uinapial 
degradation of the interstratified aepieous rocks, that the traj)- 
hills owe their stair-like aj)pearance. As the granitic rocks Averc 
generally associated with the older strata, so the trappean rocks 
are usually connected witli the secondary — throwing them uj) on 
the sides of hills, breaking through them in dykes and veins, and 
spreading over them in sheet-like nnusses. The student, how- 
ever, is again reniinde«l that this distinction is merely provisional, 
and for the sake of more easy comprehension. (Iranitic outbursts 
a])])ear in connection with <x)litic and cretaceous strata ; and it is 
often iitjpossible to distinguish between the traps of ancient and 
the trachytes of more modern vohanoes. Still, Jis a whole -and 
herein lies the value of our chussification— the granites are more 
ancient than the traps, and the traps than the vulcanic trachytes 
and lavas. 

117. in their structure and composition, the trap rocks are (ex- 
tremely varied some being com])act and crystalline, like basalt 
and grcicTistone ; othera soft and earthy, like certain trap-tulls 
and claystone-porphyries. Indeed, there is no class of rocks more 
nuzzling either to tin; mineralogist or to the geologist, their varieties 
l)eing so numerous, and their relations to the strata being often 
so intri(!ate and deceptive. The more crystalline varieties are 
known as basalts, greenstones, clinkstone.s, compact felsjiar, and 
felspar-porjdiyries ; the earthier varieties, as claystones, clay.stone- 
porphyrievs, amygdaloids, tra|>-tufls, and wacki,‘.s. Mineralogically 
spc'aking, they are chiefly composed of felspar, hornblende, ami 
augite, with admixtuivs of hypersthene, olivine, green-eartli, 
(piartz, clay, and iron. In their structure and texture they give; 
greater evidence of their pyrogenous origin— being freipiently 
ccdlular or vesicular like lava, scoriacc^ous like volcanic ashes, 
and bn'ceiated like the tufaeeous accumulations round the craters 
<»t modern volcanoes. In their columnar and splieroidal arrange- 
ment they exhibit more structure than the granites, and point 
distinctly to their origin ;us the stony products of cooling and 
consolidation from igneous fusion. Their action upon the strati- 
fied rocks is also more decided and pcwceptible : here we see them 
bursting through and producing faults and fl.ssures ; there tilting 
up the stnita at acute angles, or bending and flexuring tliem in a 
v.iriety ot ways ; and generally at the points of contact indurating 
with grejiter or le.ss intensity, so as to convert sandstones into 
(piartzites, limestones into crystalline marbles, coal into anthracite, 
ami clays and .shales into chert and porcelain- jasixjix Indeed, in 
t heir entire relations they are so exactly analogous to mcxlern vol- 
canic rocks, that we feel no hesitation in ascribing to them a similar 
P)Togeuous origin. 
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1 18. Tho trappean rocks being tluis of igneous origin, 

many of them must liave been ejected after the inannerof iindteii 
l:iv;i ; some scattered abroad as showers of voleanic dust and 
ashe.s ; wliile others are as evidently the bniken and lialf-fu.sed 
tVagmeiits of the associated strsita. Heterogeneous in their origin 
as modern volcanic products, they are renderetl more varied )>/ 
tlie circumsbuice of some having been formed at great di'idhs, 
soiae under tlie pressure of water, ami othei*s having been re-fused 
and re-(‘jected during subse»iuent eruptions, Mueli of tluar per- 
plexing variety of texture seems also to have arisen from the 
slnwiiess or ra])idity with which they have been coohnl ; and we 
know Irom actual experiment that the same niiuss which will be- 
(*nme a glassy obsidian when suddenly cooled, will jiass ijito a 
stony ba.salt under a slower process, ami into a soft earthy tufa 
if tlie cooling be prolonged through a still more gradual series of 
stages. Thus, running by impereeptihle degrees into each other, 
it is often im})ossiblc to tussign to some of the trap rocks an exact 
s|>ecitie place, and the geologist must eontent liimself by taking as 
liis guide the most obvious distinetiim that presents itsidf. Kor 
nrdinary purposes the trap-rocks maybe eonveiiieiitly arrange<l 
under the augitic, or tho.se in whiidi the rniiioral augite jiredo- 
iiiinates ; the felspathic where felsjiar is the eliief ingredient ; 
jKti'phiiitks where various minerals intermingle; o)i}gg<./ahi<k 
where the cellular cavities of the mass have beett filled by infiltra- 
tions of other mineral matter; ami tnJUji where the toxture is soft, 
liorous, or earthy. Ado[)ting this view, we have the following 
I'liumeration, which is sutbeieiitly compreliensive fur the ordinary 
purj loses of geology ^ 

111). The basalts are the most compact, hardest, and lieaviest 
"f the. trap-rock.s ; they arc of a dark colour, close-grained tex- 
tiii'c, and often appear in arrangements more or less eolunmar, 
like that of tlie Giant’s Causeway, Fingal’s Cave in Sbdl'a, ami 
Sampson’s Ribs near Edinburgh. They are es.sentially augitic, 
'dually enclo.so small spherical crystals of olivine (so called from 
its olive-green colour), and are more or le.ss imjirognated with 
ii'on. The greenstones {w/iimtones of Scotland) are less e(mipaet, 
more granular, exhibit distinctly their component crystals of 
hornblende, augite, hypersthene, &c., often contain sulphuret of 
h'ln, and are usually ma.ssive or tabular in their structure. It 
customary to speak of them as hypersthenic greenstones, augitic 
greenstones, &c., according to the predominating mineral ; and 
many of them are porjihyritic in their texture, hence we liave 
greemtone porphyries, or porphyritic greenstones, Tra] > eonipoiimls, 
greenstones essentially composeil of hornblende and f(ds|>ar, are 
'^onietimes (adopting Continental uomeuelature) designated dohr- 
i><s; while those chiefly comjwsed of augite and felspar are 
tcniied diorites. The clinkstones, or phondites {phonos sound, 
•■^mil Uthos stone), differ little from the liasalts in coiiijmsitioii, 
^ut are less compact, and break up into slaty-like fragments, 
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apd cinit a ringing metallic sound when stnick by the liaiu- 
mor, — hence their name. These three species of trap often gi ailu- 
ate so imperceptibly one into the other, that geologists aiv 
under the necessity of adopting compound terms like hasahir- 
clinhtorie, for exam[)le, to designate such a rock as that on whicli 
the castle of Edinburgh is founded. The felspathic division of 
the traj) rocks also i)resenta many varieties, and contains nu^t 
of the porphyries properly so called. Thus, compact fehpm\ or 
fddonc^ is a com])act ptiste or basis of felspar, with occasional 
disseminated crystals ; and felspar porphifry has also a basis (*f 
compact or crystalline felspar, with large independent crystals dis- 
seminated through it. Closely allied to the felspars are the horn- 
stones and pitchstones — homstone and hornstoiic porphyry beiin; 
compact flinty compounds, lienee known as petro-sihw or roek^ 
flint ; and pitchstonc pitchstone porphyryhamf^ siliceo-aluniin- 
ous compounds having a compact texture and pitchy vitreous 
lustre. Neither the hornstoues nor pitchstones occur in massive 
abundance, being genemlly found in traversing dykes and veins, 
like those of Arran and Ayrshire. TXxa porphyry of the mineralo- 
gist consists of a reddish felspar basis with disseminated crystals 
sometimes of the same hue, and at others of a whitish or flesh- 
colour ; but its variations are so numerous, that it is better to 
consider the term “ pornhyritic ” as characteristic of a peculiar 
composition in many roths, than a rock per sc. Claystone is a cul- 
ciued-looking rock, composed essentially of earthy felspar ; and it 
becomes claystone-porph yry when crystals of glassy felspar are im- 
liodded in its mass, liie amyydaloias are rather earthy in textun*, 
have been originaHy vesiimlar, and are so named from the almond- 
s!iap<!d concretions {am.ycfdalon^ an almond) of calc-spar, agiite, 
chalcedony, jasper, kc., which now fill the vesicular cavities ; and 
the trap-tnlfs and wackh occur in every gradation of texture, from 
soft scoriaceous nuis.ses to compact aggregations of rocky fragments 
cemented together by igneous matter. The trachytes, or grey stones, 
as they are sometimes termed, are greenish-grey varietic.s, indis- 
tinctly crystalline or earthy, and so named from the rough, harsh 
feel {trachys, rough) they have under the finger ; but they belong 
to the volcanic rather than to the trappean gi’oup, and mark, as it 
wtM-e, the transition from the one epoch to the other. Indeed, as 
will be afterwards seen when we come to discuss the stratified 
systems aud their associated igneous rocks, there appears to lie 
something like a chronological development among the species ol 
trap rocks— a subject which will require long years of ]xiticnt 
rose;u’ch before it can be invested with any degree of certainty or 
generalisation. 

120. The gcogiaphical area occupied by the trap-rocks is very 
extensive, there being few secondary districts in which they do 
not rise up, either in undulating conical heights, or in tenace-liko 
hill-ranges. Indeed, all the older secondary regions — that is, those 
occupied by the old red sandstone and carboniferous systems— 
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owe their surface configuration chiefly to manifestations of trap. 
Much of this trap is of contemporaneous origin with the sedimen- 
tary rocks amonj^ which it occurs, and is of course intei-stratilied 
with these deposits ; but a great portion also is of jwsterior date, 
aud in this ciise occurs as disrupting and overlying masses. To 
eiiumerate tlie districts in whicli trappeau compounds occur, 
Mould be to map out the countries occupied by the whole 
(laiisilion, secondary, and tertiaiy systems. In our own country, 
(he Sidlaw, Ochil, Pentland, and Lammermuir ranges in Scot- 
land ; the Cheviot, Cumberland, Welsh, and Derbyshire hills in 
J'ngland ; and most of the hills in Ireland, are of true traj)|)cau 
(aunj)osition ; that is, of variable masses of one or other of the 
sjKcics enumerated in the preceding jiaragraph. 

121. The scenery produced by jissemblages of trap hills is often 
extremely i)loture.sque aud beautiful--their undulating outlines, 
step-like ascents, abrupt crags and clifls, aud detached conical 
eminences, ]U'esenting a much greater variety of sauuc aspect than 
is produced by tliose either of granitic or of volcanic origin. Tht;y 
are “hills” nither than mouutaiu-raug;e.s, and consequently pro- 
dnee, within narrower limits, all that diveixity of surface which 
i> e\'er so pleasing to the human eye, while tlieir moderate lu'ight 
I't’cveiits that cold sterility wliich renders the heights of primitive 
mountains often so dreary and monotonoas. In addition to this, 
the soil produced by the dec<uii])ositioii of many traj)H is so g(uiial 
and ju'oductive, and is so well draine<l by their natural joints and 
tlssures, that the term “ trap-<listrict ” is usually regarded as 
syiionymoins with amenity and fertility. 

The industrial ])urposes to which trap rocks arc applied 
are numerous enough, hut not of prime importance. Some basalts 
and greenstones make very durable building materials, Imt tins, 
ditllculty of dressing them into proper shape, combined with their 
dingy and unattractive colours, prevents their extensive use. The 
saint! may be said of the felspar-porphyries, clinkstomjs, and 
amygdaloids, which are rarely em])loyed where sandstones or 
liiiiestones can be obtained. Their hardness, however, renders 
llumi peculiarly fitted for roa<l and street material ; hence theii' 
extensive use in causewaying and macadamising sevei'al et the 
greenstones successfully competing with the granites in this 
respect. Before the improve<l manufacture of fire-bricks, seim* 
npen-textnred varieties were largely use<l for the linings and sulfs 
<'t ovens ; and some of the closer-grained greenstnnos and ba.s.nhs 
liaxe been employed by the Ilindijos, rersians, and Egyjilian.s l<ii' 
purposes. From the (jcoden (that is, sparry cavities) ot 
the amygdaloiils and trap-tulfs arc obtained most of the agates, 
i'^i»-‘rs, chalcedonies, aud carueliaus, ina<le use of by the lapidary 
jcwtdler. Indeed, the so-called “ Scotch pebbles” are mainly 
'i' l’ived from the amygdaloids of the Kiljwitrick, Sidlaw, Ochil and 
Frietf hills— -being sometimes quarried from the rock, but generally 
b'und among the "weathered debris, or from the gi*avcl ot the 

F 
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adjacent rivers and sea-shores. Few metalliferous veins are fonni] 
travei'sing rocks of trappeaii origin, though they are evidently 
connected as a producing cause with many of the ore- veins of th.j 
mountain and magnesian limestones. Perhaps the most notaljle 
metallic product occurring in traj^rocks is the native copper of 
( 'anada and North America, which occurs in plates and strings 
and blocks often of lar^e dimensions. A similar native copper, in 
irregular plates and strings, occurs in the traps of Dumbartonshire ; 
but it is too sparingly disseminated to be mined with profit. 


Volcanic Rocks. 

123. All the igneous rocks already described are, in one sense, 

that is, have been jiroduced by the agency of heat in ;i 
manner analogous to that of existing volcanoes. For the sjike of 
classification, however, it is better to limit the term to such rocks 
as are now in process of formation, or have been formed since tlio 
close of the tertiary epoch. It may be difticult, in some instances, 
to distinguish a mass of tnchytic lava from one of trachytictra])- 
turt’; but when the mass is viewed in connection with its associ- 
atc<l rocks, its origin becomes readily apparent, and there is gene- 
rally as little ditficulty in distinguishing between recent volcanic 
products and trappean compounds, as there is in distinguishiiii,' 
l)ctween trap and gi*anite. Volcanic rocks are, therefore, essen- 
tially products of the modem period, and are found, like the older 
igneous rocks, either elevating, bui-sting through, or overlying the 
strat i fi e( 1 formation s. 

124. A volcano ( Vukam,% the god of fire) has been described, 'is 
,“a more or le.ss perfectly conical hill or mountain, formed by the 

successive accumulations of ejected in.atter in a state of incan- 
descence or high heat, and having one or more channels of coin- 
munication with the interior of the earth, by which the ejections 
are elfected.” This definition is a somewhat restricted one ; for, 
geologically speaking, all matters discharged from the crust of the 
e;u*th by the action of heat arefmpu’ded as vokanic or of volcanic 
origin. Thest? substances make‘lheir appeai'ance either as solid 
matter, as mud, water, vapour, or as gases ; and, when cooled down 
ami con.solidated, produce a variety of rock-products, which we shall 
now describe :-~Lava is the name commonly given to all melted 
rock-matter ejected from active craters, and which, when cooled 
down, tonus varieties of tufa, trachyte, tnichytic greenstone ami 
basalt, according to the varying proportions of felspar, hornblende, 
augite, and according to the slowness or rapidity with which the 
mass is cooleil. The more rapid the process of cooling, the more 
wmj)act the rock ; and thus we have among Volcanic products, 
just as among Trap})ean, every variety of texture, from that of a 
glf^.sy basalt to a granular trachyte or gmjitone^ and from that to a 
sott eai’thy tufa. Obsidian, or volcanic glas5, is a vitreous lava ol 
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vr.rions shades of colour, and in many instances is scarcely dis- 
tinguishable from the product of the glass-furnace. Indeed, so 
t!i/iroughly glassy is its nature, that its name is said to be derived 
from the Greek work opsiams^ in allusion to its use among the 
nii.-ients as a material for mirrors. P amice [nnima, froth or 
is a light porous rock, evidently produced by the disen- 
<^f:ig»‘nient of giises in the mass while in a state of fusion ; in other 
W(»r4s, the solidified froth or scum of molten rock-matter. It is 
njtcn so light as to float on water, is of various shai^les— the finer 
Mirii ties having a pearly or silky lustre, and fibrous texture. The 
pumices are closely allied to the obsidians in composition, and 
appear to be the same subsbance rendered jwrous and fibrous by the 
rxtrieation of steam and gases. . To the sjime grouji also belong 
tlie prinisfones, so called from their pearly lustre, and which hold 
an intermediate place between the pumices and obsidians being 
iiKtre compact than the former and less vitreous than the latter. 
Several pearlstonos are almost undistinguishable from the ])iteh- 
stonesof the trap-gi’oup ; but it is better to limit the terms as 'sve 
have indicated — retaining the one for the modern, and the other 
for the more ancient compounds. ^Scorua, cinders, ashes, and the 
like, arc of the same mineml composition as the solidified lava, 
and seem to be produced by the explosive force of steam or other 
gases. These scorijiceous compounds are sometimes light and 
cindery, like those found floating on the surface of lava streams ; 
at otlier times they are heavy and vitreous, Ixdng ejected in a 
sloiiv state; and when the fragments .are of .some size, are known 
as t'olcanic bombs. What is termed volcanic sand :q>})cars to l.»e 
tiiicly comminuted scoriic, and is found in scatterecl uecumu- 
lalioiis in almost all volcanic districts. Vohniic dust, ejectiMl 
IVoiu active craters, and often carried to givat distances l)y wind, 
i'l a comjKjund of argillaceous, calc.arcous, magne.sian, and siliceouH 
earths, usually tinged with iron, and ca})able of forming a. pasty 
mass with water. It is this pasty matrix that binds together 
‘^corire, sand, l.ajnlli (small stones), and the like, constituting what 
:>i’C then known .os volcanic tufas, breccias, puofManas (from 
huozzoli, near N.aples), and the tarras or trass of Hhenish Ger- 
many, Volcanic mud, which bubbles out from many fissures and 
ei>enings (known Jis mud-volcanoes), is a product of considerable 
magnitude in some regions ; has a fietid sulphurous otlour ; and 
ill Pooling and solidifying is often found to contain crystrds of 
■"iiilphur and g}'p.sum. Jets of hot-water (like the yepsers of ice- 
iinid), and those of steam (like the snffioni of Tbily), are, imi)ort,'int 
'■plcanic demonstrations, and usually contain in tlnfir watcj-s solu- 
tion, s of rock-substances, as silica, lime, bonix, &c. ; while the 
gaseous discharges {moffeti):ire usually carlwnic aci<l g.as, sulphur- 
etted hydrogen, and sulphurous acid. Most of the sulphur d’ eoin- 
I'lcrce is derived from volcanic districts ; and the soJfataras, (tr 
'iilrhurous-vapour-springs, arc amongst the most peculiar and 
I'f-rsistent of their phenomena One of the most curiou.s and 
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rock-prodiicta in some volcanic regions is that kiiOMu 
liy tlio iiainc of palaf/onite or palagoiiite-tull' — the variety I'roin 
Ict'.latid being descriljed xh a compound of silica, alumina, aesijui- 
oxidc) of iron, lime, magnesia, j>ota.ssa, soda, and water, and ni 
sulnble that it cannot resist the action of the weakest acids, and 
is even partially dissolved by water. 

12r>. All the proilucts described in the preceding paragra])li an 
found less or more in every volcanic region ; and the moiie in 
which they are dischargcnl, their varying admixtures, and tin; 
diHerent ap})earances they assume, according to the rapidity m 
hIowucss wdth which they are cooled, afford liighly instriictivi! 
lessons to the geologist. Here the explosive force of highly heated 
vai)( )urs and molten matter breaks through and deranges the strata 
of the crust ; there lava penetratesevery fissure, or, issuiiigfrom soiuf 
vent, flows down the mountain side, filling up valleys, dammiin; 
up river channels, and s])reading oyer fertile plains : here scoria 
and ashes are showered forth, borne abroad by winds, and scattered 
over l.'Uid and sea ; tluu’e heated vapours are perpetually cxlitil in;' 
from rents and fissures, and incru-stiug their sides witli miiiend 
and metallic comjiounds. Discliarge after discharge from volcaiiio 
vents gives rise in time to mountains; or, if spread along the 
bottom of the sen, is in turn overlaid by true sedunent, and thus 
lu’oduces alternations of iwjueous and igneous rocks. The molten 
mattei' also cools imecpially— here forming a porous jiumice, tliere 
a rough open tufa ; liere a granular trachyte, and there a comi)act 
mass, searetdy distinguishable from ba.salt or greenstone. And jusl 
as igneous forces are acting at the jiraseut day under the eye of the 
oitserver in the production of volcanic rocks, so must they have 
acted in former ages in the production of trap})ean and granilie 
eompouuds ; with this ditlerence, tliat many of tlie latter have 
bo('U formed at great depths ainl under great pressure, and havt: 
sul)S(K|uently undergone internal changes to which volcanic er 
suh-acrial igneous rocks have not been subjected. 

12ti. Altliougli volcanic rocks are unknown in the Brifidi 
islands, they occur extensively in many regions of the globe ; 
gi'ograpliers enmnoratiiig between 200 and 300 active or partially- 
active craUu’sol eruption. In Europe there are three well-known 
ctuitres (it igneous aediou— viz., that of Italy, to whicli Etna ainl 
Aesuvius belong; that of Iceland or Hocla ; and that of Ihf 
Azores. In Asia tliere are ample evidences of igneous .activilv 
.n long the honh'rs of the Levant, the Guspian, and the lu'J 
Sea ; ill tlio Indian Ocean ; throughout the whole of tlie Iiulinn 
Arcliipeligo ; and northward through the Philippine, Jajian, .anil 
Aleutian i.slaiuls.^ In the Antarctic Ocean several eones of active 
('.ruptiou were discovered by our voyagers in 1841 ; and in tin' 
Pacitle, the islands ol New Zealand, tlie Sandwich and otlicr 
grou])s, are for the mo.st jiart the re.sults of volcanic action. In 
the Atlantic, the Can.aries, Cape de Verd, Ascension, and other 
ishmds skirting the western coast of Africa, are well-known seals 
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,,f iLHionns action ; while in the AYest Indies, and alenjjj tlio entire 
CMiitineiit of America, from the islands of Terra del Fuej^o (Land 
of Fire\ northward through the Andes and Kooky Mountains, are 
imineivns volainic vents in a state of greater or less activity. In 
tlnse centres of igneous action many of tlui volcanoes seem to he 
rctiiict; some arc merely smouldering or while others 

are incessantly active, eitlier ejecting rocky matter from tlunr 
cratirs, or rending the surrounding country hy earthquake con- 
vulsions. On the geographical fwitures of existing volcanoes, 
lidwevcr, we need not here enter, as these will receive more dc- 
t:iiled description when we come to treat of the Post-tertiary or 
J { ccen t A ecu mu lations. 

127. In an industrial point of vi(‘W, volcanic pi-oducts arc of 
considerahlo importance. As already mentioned, all, or nearly 
all. the fidlphm' of commerce is derivxsl from volcanic districts 
Sicilv alone yielding upwards of 8(),0(M) tons a-year, 8(‘veral of 
the lavas make a light and durable building stone ; and others 
an' cut and polished for ornamental purposes like marble. Pum lec 
li.is been long used as a polishing or rubbing stone, and for that 
piriio.se m.any hundreds of tou.s are annually collected . at .-i rate 
v.'irving from £6 to i,T0 a ton according to (piality. Ohsuhan was 
ii>cd by the ancients for look ing-gla.sses ; amlthen.atives of various 
regions have used it, as our forefathers used Hints, for knives, 
arrow-heads, hatchets, and other cutting instruments. Pm:vj- 
lana (which by some is regarded as an altered felspathic tnta; has 
hcoii long employed in the manufacture of Konian or hyilraulic 
cement, a use to which the analogous trass of the Khino has al.'^o 
heen apphed. Besides sulphur, sal-ammoniac and horax may 
h(f regarded as volcanic products-'the fornnsr being tound in most 
xuieous districts, and the latter being ])ro<luced by hot-springs, 
like the Lagoons of Tuscany, which yield more tlmn 1(H)(» ton.s 
aiiim.ally of crystallised boracic acid. Like the trap-rocks, miiny 
ef the older lavas yield agates, ehaieedonij, leueite, spindle, olirine, 
.‘ind other precious minerals; while some c»f ihiaiitivi' nietiilliji roe.'i, 
:ind contain, though seldom in available quantities, iron, titanium, 
liianganese, copper, mercury, and gold. 


NOTE, RECAPITULATORY AND EXPLANATORY. 

128. The products described in the prcce<ling chapter constitute 
"He of the great divisions into which the rock-ma.sses of the globe 
have been arranged. Though containing no fos.'^il record (except 
ill a few rare instances to be afterwai’ds noticed) ot the kind of 
plants and animals which have successivedy peopled the earth ~ 
■‘>‘d in this respect of less value in enabling, us to decipher its 
hi.'^tdry — they are still important monuments of p.ast change ; 
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monuments in which we can trace the features of tlie worlds 
former surface—its alternations of hill and valley, of se^i ainl 
land, and of many of those external conditions which give chnr- 
aeter and colouring to or{/anic life. In this respect they are uf 
prime imjjortauce ; and it is only by studying their relations to, 
and the manner in which they have affected the stnitilied rocks, 
that we can ever hope to solve many of the most intricate pro- 
blems in geology. Their arrangement into Granitic, TuAi'i^LtN, 
and Volcanic, though partaking more of a miueralogical thau of 
a geological distinction, is not without its value, so long as ihc 
student remembers that granite, though the deepest-seated igiu- 
ous rock, may also be associated with strata of all ages, and that 
trap-rock, though most abundantly developed during the sccomlarv 
period, may also be found in connection \vith strata of the earliest 
epochs. Bearing in mind these facta, and remembering also how 
similar many of these rocks are in mineral composition, and tli.v. 
they tdl occur in conniiction with the stratitied formations - ;i> 
diirnptin</, ot'erlt/hup or intcrstratificd masses — the student will 
readily perceive that it is chielly in their mineral and mechanical 
bearings that ho has to deal with them. Thus, the granitic masses 
are never scoriaceous and cellular like recent volcanic rocks, nor 
are they ever earthy and ainygdtdoidal, like many of thetrappeaii 
compounds. The traj) rocks, as a whole, are le.ss felsiiathic than 
the granites and porpliyries, and exhibit a greater tendency tc 
structural arrangement than either granitic or vmlcanic products : 
v.’hile the volcanic are decidedly more cellular, slag-like, and vitiv- 
ous, than either the granites or traps. 

121). Touching the structural development of the trap rocks 
(the spherical, columnar, tabular, and other arrangements), it niiiy 
be here briefly remarked that they all seem to bo tlie results cf 
one [U'oeess namely, that of cooling or crystallisation on flu- 
large scale. The sphere or radiated globule appeaix to l.>e the 
ju-imary form, and we can demonstrate by experiment that such 
incipient globules will arrange themselves in columns more cr 
less distinct, in tabular masseii, or in distinct spherical concretions, 
according to the pre.ssure and mode of cooling to which the molten 
mass has been subjected. Take, for example, a mass of putty pal- 
lets, and .sul)ject tliem to varying tlegrec.s of lateral and verticnl 
ju’cssurc, and it will bo found on removing the jiressure that tiny 
have arranged themselves in columnar and jointed order, pre- 
cisely similar to the live and six sided basaltic columns of the 
Giant’s (hauseway. It matters not whether the interfering force 
be pressure from without, unecpial contnictiou of the mass, er 
expansion from within, the result will be the same ; and just iu 
pro})i)rtion as these have been applied, so will there arise columns 
tabular masses, or spherical concretions. It is a common error 
t(^upposo that tlie columnar structure should be alway.s perpen- 
dmdar or lUNirly so ; the tact Ijoing, that bas<altic columns are 
toiind lying in every direction — vertical, inclined, and horizoiitah 
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The general arrangement of the columns is at i-ight angles to the 
(•()..liiig surface ; hence the horizontal columns of l)jisaltic dykes- - 
tliese ranging at right angles to the cooling walls of the strata 
through which the molten mass has been ejected. 

1;J0. Arranging the igneous or pyrogenous rocks under the great 
divisions of Granitic, Trappean, and Volcanic, we have under each 
the following varieties, with which the geological student shouUl 
endeavour to make himself familial* 

GaANiTic.— Granite proiKjr, gniphic griinite ; porphyritic granite, syenito, 
syenilic f,u-anito, hypersthenic pranito ; jtrotopine ; pepinatite, homhlendo 
dick, hypersthene rock ; primitive or syenitio greenstone ; sorjx'iitijio ; and 
tlio \uiiou3 felspathic compounds known as granitic porpliyries. The acci- 
(icahil minerals or crystals occurring most abundantly in granitic rocks aro 
— I'lassy felspar, rock-crystal, schorl, tourmaline, beryl, garnet, apatite, 
clilorite, steatite, and asbestos. 

Ta.vi'l’KAN.— liiisalt, clinkstone, basaltic-clinkstone (dioritol, greonstono 
(ilulorite), greenstone-porphyry; compact felspar or felstone, felspar )ior- 
jihyry ; hornstouo, pitchstone, pitchstono porphyry ; claystone, claystone 
jMiiphyry ; amygdaloid, tmptufV, wack^, and tra[)-broccia. 'Phe accidental 
and iiaboddcd minemU aro hornblende, augite, olivine, agate, cbalcedony. 
jasper, anil a n\unerou8 class having a tibrous-radiated aspect known us 
zeolites, mesotypes, prehnitos, &c. 

VTjLCanic.— L ava, bjisaltic lav.a, trachyte or greystone ; obsiilian, i)iunico, 
pcarlstono ; tufa; scorirc, ashes, volcanic sand, dust; puozzulana, trass; 
pulagonito and siliceous sinter from hot springs ; sulphur, Iwracic acid, car- 
bonic acid, and sulphuretted hydrogen. 

131. Keapecting the origin of the pyrogenouH rocks, or ratlicr 
the cause of igueoua action with all its attendant jduuioinena of 
Volcanoes, eartiiquakes, and other su)»ternineaii movements, geo- 
logists are by no means agreed. The two most prevalent hypo- 
theses are what have been termed the chernkal ami nwchanical - 
the former endeavouring to account for the phenopieua on eliemi- 
e;d principles, the latter mscribiug them to some great Hour(;e of 
lu at within the interior of our planet. By the latter hyjwiliesis 
it is a.s.sumed, chiefly on the gi'ouiid of increiusing tein})erature as 
We descend into the crust, that the interior of the globe; is in a state 
of high incandescence or molten fluidity; that the cooled or rocky 
exterior is of inconsiderable and varying thickness ; ami tiiat 
this crust is extensively cavernous, rent and fissured- primarily 
by unequal contraction from cooling, aiid.subse(iuently ))y sul)t«‘i’- 
raiiean agitations. As this cooling proce.s.s must be. still going on, 
liowever slowly, the least contraction of the crust — even to tlie 
fnidioiiof an inch — w^ouhl be sufficient to squirt out molten rock- 
iiiatter from a hundred jmres or eratei's. Water also finds it s way 
thmugh the fissures of the crust, and, coining in contact with tlie 
heateil mass within, generates steam and other gas(;s, and these 
•’xploding and stniggling to expand, produce eartluiuakes ami 
-•tgitations, which are rendered more perceptible by the ciivernous 
!oid fissured condition of the crust, and the yielding material u])ou 
which it rests -the thin rocky film, undulating ami rending like 
•'I sheet of ice on the surface of agitated wattT. Occasionally the 
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heated vapours maketheir way through fissures and other openiu!,N, 
aS gaseous exlialationsjorashot springs au<l jets of steam and watti-, 
earrying witli them various sublimations and solutions of the rooks 
tlirough wliich they pjiss. On the other hand, when the expansive 
fjrees within become so powerful as to break through the eartli’s 
crust, discharges of melted rock-matter (lava), red-hot stones, ashos, 
dust, steam, and other vapours follow ; and repetitions of suoli 
discharges at longer or shorter intervals gnuiually form voleanio 
cones; and lines and centres of such activity produce, in course <.f 
ages, mountain groups and ranges. It does not follow, howcivcr, 
that volcanic discharges must always take place at the point where 
the greatest external contraction or internal pressure is exerted ; 
on tlie contrary, the molten mass will obey the law of hydrostatic 
pressure, and be propelled to whatever craters or fissures niav 
already exist. This so-called “ mechanical” theory of central heat 
is further supported by the occurrence of igneous phenomena in 
every region of the globe, and by the fact that most volcanic 
centres are in intimate connection with each other— a commotimi 
in nne district being usually accompanied by similar disturbances 
in another. It is sometimes objected to this hypothesis, that if all 
the igneous rocks proceed from a common source, there ought to 
b(! a greater uniformity among them in comjH)sition and aspect ; 
but, on the whole, there is really a great similarity in composition, 
and there is nothing in their differences th.at may not be accounted 
lor by ])ressure, rapidity or slowness of cooling, fusion and re-fusion, 
and cimiminglement with the melted matter of the stratified rocks 
through which the eruptions take place. 

132, Turning now to the chemical hypothesis, w'e find tliat w)iilc 
it oilers no opinion ;us to the original igneous condition of the 
glolte, it endeavours to account for volcanic phenomena by a])- 
})eals to chemical actions and re-actions now taking place among 
the m.aterials composing the rocky entst. Tlie metallic basis d' 
tlu' alkalies and earths, as potassium, sodium, calcium, &c., the 
moment they come in contact with water, are decomposed with 
;in evolution of intense heat ; and this heat, it is contended, is 
sufiieiont to fuse rocks, convert water into steam, and givt; rise, hv 
mutual decompositions, to escapes of carbonic acid, sulphurettvil 
hydrogen, and other gases. I’hi.s liy^mthesis proceeds, of eoni’se, 
uiioii tlio supposition that such metallic bases exist within tlie 
globe, where water, finding its way to them through chinks and 
fissures, unites and causes the phenomena in (picstion; and it also 
presumes their universality and abundance to account for the 
])revaleuce of igneous action in jill time, past as well as pre.senf. 
This theory offei-s no opinion as to the gradual cooling of the globe 
from a state of fusion, but strives to elicit the continuous opera- 
tion <d' uatui-al laws, i-ather than appeal to original conditions of 
wliich we know so little by direct induction. Of the two hypo- 
theses it is certainly the more pliilosojihical ; but as yet our know- 
ledge of the earth’s crust at great depths is too limited ; we knoiv 
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triri little of the chemical and inao^ietic operations which may l>e 
forwiu-d among its rocks ; and wc are too slenderly accpiaiiited 
with the transpositions which may take place amoiig its metals 
:inil Tiiiuerals, to accept the chemical theory as ade<j\iate to account 
f,)r the magnitude of the phenomena in question. It is true tlunai 
iHaairs nothing among the products of volcanoes at variance with 
its assumptions ; but the magnitmle, the univers;ility, and the 
]iti’]%‘tuityof igneous action would seem to ])oint to a more stable 
Old uniform source— that source, according to the general geologi- 
l•a! belief, being the original interior molten mass of the globe, 
:iroinid which time and external conditions have gathered a cooled 
Old solid crust of heterogeneous rock-material. The limited 
•xteiit of an elementary work prevents further discussion of this 
interesting topic ; but the student may rest assured that tlieni 
ire few dejiartments more worthy of his attention, and none at 
]iresent less pursued than the study of the igneous rocks, and the 
rauses which have led to their production. Should he be inclined 
[n follow the subject more in detail, ho cannot avail liimsrdf of 
higher help than the Physical, Chemical, and (Jeohnjical Ikwairhm 
'f Professor Bischof of Bonn, and the Trontm on Volcanoes by 
Dr Daubeny of Oxford. For a description of the mere roek- 
lirixlucts, ]\I‘Culloch’s Classification of Rocks, and any inoderu 
ire.'itise on mineralogy, may t)e consulted with advantiige. 
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METAMORPHIC OR IlYPOZOIC SYSTEM, EMBRACING THE GNEls>, 
QUARTZ-ROCK, MICA-SCHIST, AND CLAY-SLATE GROUPS. 


133. Without .T<liierin;^ to the common belief that granite foriii< 
the lloor or basin on which all the .stratified sy.stems repo.se, it iii.iv 
at least be confalently a.sserted that granitic compounds iiphe.iw 
and break thi'ough tlio lowest known .stmta, and in this sense ait. 
certainly uu<ler-lbrnied or deeper-seated than any other rocks witli 
whi<,!li wo are yet ac<piainted. Whether this ari.ses from an original 
igneous condition which has imparted to the.se rocks a uiiiforinilv 
of character, or whether it bo that all deep-seated rocks, by heal 
and prc.s.sure, have been made to itssurne a simihirity of asjieet, 
geology is yet unable to determine, and must I'est satisfied in tlit 
mean time with a simple statement of the facts. It is on this 
ground that Sir Ciiarlcs Lyell has proposed the term IFt^pcnjent 
or undcr-foiTiied [hppo, under, and ginomai, I am formed), to em- 
brace all th(» lower crystalline rocks ; but as granite, in its erujdivc 
character, Is altogether a different rock from gneiss, mica-schist, 
or cry.stallinc liiut'stone, which are never eruptive, the term uj)- 
pear.s inapplicable, and if to be u.sed at all, mu.st be re.stricted tn 
granitic compounds, whether eruptive or of doubtful origin. It 
may be quite true that gneiss and mica-schist, if subjecteil to hoai 
juid })ressure, would, in process of time,'becoino imdistinguishabl' 
from some varieties of granite ; and that sandstones iiml shales, it' 
subjected to the same agencies, w'ould assume a crystalline aspect. 
Tins, however, is merely saying that mech<‘inically-sedimentarv 
rocks have been convertetl htf hmt into crystalline compouiub: 
and that crystalline comjiounds have been changed by the same 
jn'oeess into ])yrogenou.s masses. We must draw a line of dis- 
tiuctioii somewhere— and whether granite may have once bi'Cii 
crystalline .schists or crystalline schists sedimentary strata, wt 
ha\ e now' the facts presented to our observation, that eruptive 
graniti<; rocks are clearly separable as a group from the crystal linr 
schists that repose ujam tliem, in stratiform arrangements le.ss or 
more [)erceptible. Assuming, then, that the granitic rocks alread} 
described constitute the true hiipogcne group, that tliey inunediately 
underlie, and are intimately\associated with the lowest stratitici 
schists, we obtain a shirting-point in the crust from which to com- 
mence an iiifclligible description of the systems that follow% 
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134. Tlie crystalline schists— gneiss, mica-scliist, &e.- nre fro- 
qiieutly grouped as the Xon-fossiliferom system, from their cou'- 
tuining no remains of plants or animals, so far as the geologists 
liavo been enabled to discover. For the s;ime reason they liava; 
Ikcu termed Azoic, or destitute of life {o without, and :oc? life), 
ill contradistinction to the upper systems, which are all less or 
inure fossiliferous. As this distinction, however, is founded solely 
ell irgative evidence, and as fossils may yet be discovered in some 
portion of these strata, it is thought better to omiiloy the term 
Jfniiozoic [hupo under, and we life), which merely indicates tliat 
tlie system lies under all those that are knowm to be unmistakably 
fossiliferous. The name Metamorphic refei*s, on the other hand, 
to its mineral characteristics, and imidies that the original struc- 
ture and texture of its rocks have undergone some internal change 
or nietamorjdiosis. At present these rocks are all less or more 
crystalline ; their lines of stratification arc often oliliteratcil, or 
lint faintly ])erceptible, and their whole aspect is very ditferent 
from what is usually ascribed to rocks originally dt'})osited in 
water. This change may have lieen brought about (as will be 
seen ill the recapitulation) by the application of external heat and 
[U’cssure, or it may be the result of some [leculiar I’hcmical action 
among the particles of which the rocks are com])osed. In wlial- 
ever way the metamorphosis has been efieeted, we siic clearly that 
a change has taken place in the original scMlimentary character 
ef the strata, and that matter which at first consisted of water- 
wurn debris— as silt, clay, and sand— lias no\v been eonveried 
into hard, shining, and crystalline rocks. It must be reniembenid, 
however, that though mineral mebunorphism is ])eculiarly the 
characteristic of this set of strata, it is by no means confined to 
gneiss and mica-schist ; for, as we shall afterwards see, many 
sandstones of the later systems have been eoiiverted into (luartzite 
cr ([iiartz-rock, many shales into jaspery-bornstones, and earthy 
limestones and soft chalk into sparkling saeeharoid imirbles. 

bid. The (i[uc8tion naturally arises, if gueis.H and iniea-sehist be 
indeed metamorphosed aqueous strata, may they not have been 
originally fossiliferous— the fossils being now obliterated by the 
crystalline metamorphosis ? All that win be said in rejdy, in tlie 
present state of our Knowledge, is simply, that no deei<led (jrganie 
roiiiaiiis have yet been detected in these .schists ; and, judging 
troin the obscure traces of fossils in altered secondary rocks, tlnu-e 
is little hope of ever obtaining evidence of organic life in the morf 
ancient and highly crystalline .strata. The elfect of such a dis- 
coveiy would, no doubt, greatly modify our vie^vs of Lifi* andde- 
'■‘■lojunent, by carrying us immeasurably farther into the jast, 
but this would be all ; it W'ould overturn no trutli alrwuly esta- 
blished, nor interfere with our schemes of classitioiitioii so long as 
We regard the rocks of which we arc now treating simply as 
“metamorphic,” throwdng aside all other views wmieh imply 
cither the probable presence or absolute ab.seuce of organic re- 
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rnain«. It ih in tliis provisional view that we shall now treat tliem, 
frankly admitting tLat geology is not yet in a position to speak 
dogmatically on the subject. 


Gneiss, Quartz-Rock, and Mica-Scliist. 

i:i6. We arrange these groups under one head, for this reasrin, 
that though there is often a sufficient mineral distinction betwt t n 
them, when viewed on a large scale, there is, after all, very little 
dillerence in their geological chanicter and history. In whatcvor 
state of aggregation the particles of Gmiss may have been when 
originally deposited, we now know that it is a hard, tough, crystal- 
line rock, exhibiting curved and flexured lines of stratifinition, ainl 
composed in the main of quartz, felspar, mica, and hornblendi', 
Mineralogically speaking, it ditfers from the granitic rocks with 
which it is associated chiefly in this, that while the crystals ef 
<iuartz, felsj)ar, &c. are distimd and entire in granite, in gneiss 
they are broken, indistinct, and confusedly aggregated. There is 
also this essential distinction, even where the mineral aspects ot' 
the two rocks are most .alike, that the gneiss never sends out dykes 
.ami veins, like the granite, into contiguous str.ata. Quart>rurl\ 
which cojusi.sts of flnely-granul.ar quartz, with occasionally con- 
glomerate-looking bands, and beds intermingled with flakes ef 
mica,, scarcely holds a determinate place among the priniiU'V 
strata •, though in the Scottish Highlands its gi’catest develoji- 
moiit is clearly intermediate between the gneiss and mica-schist. 
It is in general le.ss flexure<l and foliated th.an the gneiss, hence 
its stratification is moreapp.arent ; and hence also its v.alue to the 
geologist in enabling him to detennine lines of strike .and dij) in 
contorted primary regions. What has been affirmed of tlie sedi- 
mentary origin of gneiss is much more apparent in Mica-schi'it, 
which is otten finely l.arain.atcd and distinct in its lines of .strilifi- 
cati(»n. This distinction arises from tlie greater attrition the 
]xirticles have undergone, and from the gi'eater projjortiou ef 
mica entcriug into its composition in the form of fragmented 
flakes or scales. There is, however, a great .similarity between the 
tlii’co set.s of rocks -beds and bauds of gnei.ss interlacing and alter- 
nating with beds of qu.artz-rockjh.ands of quart zitic rock occurring 
indiscriminately among gneiss and mica-schists, and gneissose rocks 
trequently bt*coming .so micaceous in their composition a.s to be 
nudistinguishahle from true micacite. On the whole, the throe 
groups may he said to he composed essentially of water-worn 
particles of felspar, quartz, mica, tale, homblende, and chlorite - 
these ingreilients having been depo.sitcd in beds and strat.a, 
but afterwards cou.'^olidated and altered in their internal struc- 
ture so as Ip have become highly cry.stalline, and very similar in 
their general character to the granites from which, by the pro- 
cesses of waste and disintegration, they were originally derived. 
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137 . Though it is often diffieult to draw lines of distinct un) 
Kiwueu these groups, and to say where tlie one ends or tlie othe)‘ 
hcgins, it may be received as a general truth that gneiss, or rooks 
ofu gneissic character, occupy the lowest position in the metamor- 
jiliio system; that these are succeeded by a zone of (piartzitie coni- 
pouiids ;_and these agjiiu by mica-schists, which graduate iinjuu*- 
c.'plibly into the chloritic and argillaceous slates that Cjip the series. 
Such is the order of succession we would indicate, and so it occurs 
on the great scale in the most typical of all metamori)hic regions, 
the Iliglilands of Scotland. There is tiiis misconception, liowLo cr,* 
to he guardcHl against, namely, that the terins gneiss, ipiartz-rock’ 
ntul micii-schist, being used to designate notoidy stratilietlgronjis, 
Iriit also certain peculiar rocks, the studmit is apt to iinagini that 
the system is composed solely of these rock-corn pouuds. Nothing 
could be mure erroneou-s, inasmneh as both gneiss and mica- 
schi^i occur intei’stratified with quartz-rock, crystalline limestoiu', 
scrpcutiuous bauds, talc-schist, chlorite-schist, and other so-called 
jiiiinary strata. We use ilie terms ‘‘ (inciss” and “ Mica-seliist” 
just as we speak of the Old-red-saudstoue and Cknil-mcasma-s - 
taking the most distinctive rock as a name for tlie series, without 
iiitc-nding in the least to convey tlie imiiression that either sand- 
s tones or coals are the only rocks in their respective formations, 
la tlie metamorjihic system more tliau in any other is it ditlicult to 
ascertain any detinite order of succession among the strata - the 
wlmle being so contorted and broken up by granitic intrusions, 
:iiid having undergone suchaebange in mineral diameter, tliat one 
oick freiiuently passes by insensible gradations into anotbei- 
within the space of a few hundred feet. Under these circum- 
Htaaecs it is perhaps better simjily to enumerate the more pro\M- 
h'ut rocks in the system — premising tliat while the groat groiqi- 
iag may remain as already indicated, the individual strata often 
■dtiu-nate ami capriciously intermingle with each other 

an aggregate of (piartz, felspar, and mica, (xieasionally garueti- 
forous, 

Povplojrdic <xiU'iss~i\\{i sjxmo as above, with large irregular luacios uf 
folspur or quartz. 

Uneittx — of quartz, felsp.'ir, iind horublendo. 

Ikmihkndc sdud —a. slaty rock, chiefly of hornblende, with fclsj>ar ^r 
quartz. 

/ir/ Quartzite — granular aggregates of quartz with oecaHional 
flakes of mica — the quiirtzite.s being indunited (juartzuso rocks ot 
a more mixed composition than quartz-rock proper. 

a fissile or laminated aggregate of mica an<l quart/., wit!: 
occ.asional ciysUds of hornblende and garnet, 
i' '('c of talc and tpiartz, and differs fudy in this respect li oiu 

tnica-Kchist. 

^-di'i'ilf-schist—n greenish slaty rock of clilurito and quartz ; often pass- 
ing iub) mica-.schist and ckiy-slaie. 

a slaty foliated rock, chiefly of actynolito, with S'.ine . 
admixture of felspar, quartz, or mica. • 

I highly crystalline marbles, often contiining veins 

and flukes of seritentino clilorite, stc.iiite, and the like. 
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When the ?il)Ove are massive ami compact, they are spoken r.f 
as rocks ; when laminated and fissile, they are termed sckisu, ;iii,i 
by this name it were advisable to «lesignate all the truly priniaiv 
mctamorphic sti-ata, with the exception of clay-slate, which, :is 
will be seen, often owes its fissility to another cause than beddiijg 
or deposition. The term foliation {folium a leaf) is employfd tu 
express that iiTegular lealy-like crumpling whicli oceui*s so jin- 
valently among tliese schists - a structure for which, a^s well jus kr 
slaty-cleavage, numerous liypothescs have been advanced ; Idit 
which, fia the student will shortly find, remains in a great measure 
an unsolved problem. 

13^ It has been stated that the strata of the metamorf)hi’ 
systeni often ca])riciously alteraate and intermingle ; and oii' 
cannot pass over a section of any extent, such as is presented in 
the glens or along the coasts of the Scottish Highlands, witlidut 
perceiving the trutli of this remark. We may pass, for instance, 
for many hundred yards along rocks of a mixed gnei.ssic charac- 
ter ; then meet with several bands of grey crystalline limestone: 
find these succeeded by more fissile gneiss, with bold independent 
Irinds of quartz-rock ; meet again witli beds of gneiss wliich p:e>: 
imjiercentibly into niii*;i-schi.sts ; next discover beds of crystal- 
line fissile limestone, succeeded by chloritic schists ; and ultimately 
find that these chloritic bands graduate by degrees into the true 
fissile clay-slates that close tlie .sy.stein. If the di, strict be very 
mucli contorted and broken up by igneous eruptions, then wc may 
have dykes and veins of gmnite, with the gnei.ss in contact ren- 
dered porjdiyritic and hornblendic ; or may have dykes of horn- 
blende-rock, greenstone, and porphyry, causing irregular contor- 
tions and foliations among the gneiss and mic.a-schists, in which 
cas(! we shall find veins of serpentine and glassy (pnirtz, numenui- 
g;»rnetiferous bands, the limestones rendered chloritic, micaceoii.-i, 
and st'rjrentinous, togetlier with superinduced actynolites, talc- 
schists, veins of asbestos, and not unfrequently exhibitions d 
metallic ores. 

130. Idu; gneiss and mica-schist gi'oiips are xvidely distributed, 
Imiug found fianking less or more all the principal mountain- 
chains ill the world. They occur in the Highlands and Islands i t 
Scotland, in the north and soiitli of Ireland, in Brittany, in tic 
Bohemian and S.axon ridges, along the flanks of the Pyrenees and 
Alps, in the Scandiu.avian, Carpathian, and Oiiral chains, largely 
in the Caucasian, Altai, and Himalayan ranges of Asia, in tlic 
Andes and Brazilian sierras of South America, and in the Cordil- 
leras of Mexico, the Rocky Mountains, and along the entire 
length of the Alleghanies in North America. Though thus flank- 
ing and forming jiortions of most of the older mountain-chains, tlie 
primary strjita do not occupy wide areas, but are tilted up id 
high angles, and compressed into a comparatively narrow space, 
producing rugg^ed and abnipt scenery, less bald and bleak tliau 
granite, but wilder and more irregular than that of later forma- 
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timis. On the whole, the physical aspects of priinarv disti-icts 
„i;iv he described as rugged, irregular, and barren, Thi-own into 
l(ftV mountains by the granite, and often into abrii])t and vertical 
jK^sitions, it is chiefly among gneiss and iniea-schists that those 
lifoji glens and abrupt precipices occur which give to Highlaiul 
scfiierv its well-known wild and picture.s(jue etfect. • In lower and 
slicltcivd situations some of the softer mica-schists decompose into 
;i 11(4 unfertile soil, and some of the tinest timber in the world is 
<rrown on rocks of that formation, 

140. As already mentioned, the igneous rocks associated with 
tlie gneiss and mica-schists are chiefly granitic- these upheaving, 
lireaking through, indurating, and contorting them in a very 
n implicated manner. Ij,'iter igneous rocks --as hornblende, 
hvpcrsthene, porphyry, syenitic-greenstone, and serpentine— are 
also found traversing those groups in the form of dyki's and jiro- 
triiding masses, and occasionally still more recent eiVusions of traji 
are found passing through, not only the gneiss and mica-scliists, 
but their associated dykes and veins of gnuiite and porjiliyry. 
On the whole, granite, syenite, porphyry, and .serpentine are the 
great contemporaneous igneous products, and are so peculiar in 
their crystalline aggregations, that there is in general little difli- 
culty in distinguishing them from the igneous rocks of later epochs. 

141. The industrial or economic jiroduets derived from the 
giuMsg and micii-schists are, lithologically speaking, by no means 
muncrous. The limestone.s, from tlndr highly siiceliaroid tcxturi', 
and mottled and veined appearances, yield valuable 7ii(irhJ(’s ; and 
arc also quarried for mortar ami fanning ])urposes. The .ser- 
pentine,^, when found in .solid massc.s, likeithose of Portsoy, pro- 
'luce a very elegant material for internal deconition, or for minor 
"rnaments, as vases, jars, pedestals, paper-weiglits, &('. Neither 
gneiss, mica-.schist, nor bale-schist yield a very elegiint hnildiiig- 
'torie, yet in several districts in the north of Scotland they are 
so cm})loyed, while the harder kinds of gneiss have heen suceoss- 
hilly raised in huge blocks icir pier and break-water pui’])oscs. 
<Jv.'(rt:-rod', where sufticiently pure, as in Banffshire, Sutherland- 
diire, h\, is extensively quarried for the potterie.s, the largt; blocks 
l'(dng used for grinding the calcined flints, without deteriorating 
die ]iurity of the frit. Poistone, or the lapis oUaris of the ancients, 

a Cdinmou product of the system, and in some coiintrie.s, a.s tlie 
ii‘’rth of Italy, is still manufactured into pots and vases. A ruianthu.s 
"f flexible asbestos, found in veins tniversing iiietamorphic strata, 

still occasionally used in the iiiaunfaeture of lire-[)roof cloth, tor 
t'uiip-wieks, and also for gius-grates, the fibres remaining red-hot 
'yithont being destroyed. It has also been tried in the fabrication of 
fli'e-proof paper, but not, so far as we have heard, with anything like 
kiqiortant success. One of tlie most valuable substances derived 
b"iu the system is graphite or plumbago (96 of carbon and 4 of iron) 

largely employed for writing-pencils, for polishing, for crucibles, 
and similar uses. Among the minor products may be mentioned 
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skfUlte or soapstone, whet-slate, umher, and plastic carbonate of iiia:- 
nesiii, or meerschaum. The <liamoud, beryl, rock-crystal, gariui, 
zircon, and other precious stones, are found in the system, eiilitr 
imbedded in the stratji themselves, or in the veins that traveiM. 
them. These veins are also the repositories of many of the iiiu': 
important metallic ores, as those of tin, copper, zinc, cobalt, iiuii, 
niol)'bdenum, and less abundantly native silver and gold. 


Clay-Slato Group. 

142. Whatever obscurity may attach to the sedimentary orii:ii! 
of gneiss and mica-sclii.st, there can be no doubt as to Ibe 
atpieous character of the clay-slates and their associated strata, 
Tlie clay-slate group, so familiarly known by the bluish, greenish, 
Jind pur])lish roofing-slates of our towns, presents a vast tliickiii's., 
of fine-grained, fissile, argillaceous rock, of considerable hardiics.'^. 
and if not of a crystalline, at least of a glistening aspect. It 
seems to have been originally deposited as a fine clay or silt, ami 
then to have undergone mebimorphism in a less degree than the 
unilerlyiug mica-schists .and gneiss rocks. The prevalent colours 
of slate are black, green, bluish, purplish, and mottleil. Some 
varieties are hard and splintery, othei’s soft and perishable. The tex- 
ture, though generally close and fine-grained, is not unfrcqueiitlv 
gritty and arenaceous, and passes into a sort of fiaggy sand.stont;. 
The imbedded minerals are few ; these being chiefly cubic iron- 
])yrites, chert or siliceous concretions, crystalsof hornblende, augitc, 
and (;hiastolite, a minaral occurring in long slender prisms, wliidi 
cross and, lie over each other in the mass of slate like the Greek 
letter x {chuistos, crossed or marked with the letter and 

a stone). Such are the lithological character's of the clayrsLite 
]»roj)er ; but it must be noted tli.at chlorite sl.ate, cherty grits. 
cryst;iUiue limestones, and not uiifrcquently bands of quartz-roek, 
are associated with the grouj), making in some eruptive regions 
very complex suite of strata. 

143. If the gneiss and mica-schist were derived from the disin- 
t»‘gi*ation of the gniuitic rocks, clay-slate seems to have been derive! 
from the same source, and also from the further and finer disiu- 
ti'gratiou of the gneiss and mica-schists. In the clay-slates tlu 
(juartz and mica of the original rocks appear in minute grains aiitl 
tlake.s, ;md the clay of the felspar appeiirs as impalp.able sediment, 
destitute of thepotmsh and soda which entered into its cry.staUisv ! 
condition in granite. All this bespeaks the long-continued actimi "t 
.‘iimos])herc and water atmo.sphero andw'ater to w.a.ste and wem' 
down, and rivers to transport the material to some trainpiil 

of deposit. In coui’se of time the soft sediment becomes conseli- 
<lated ; heat or chemical agency subsequently changes its texture, 
and renders it hard .ind crystalline ; and a still further alteration 
produces that peculiar striictiu'e in many clay-slates known by tli^ 
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ii.-iine of cleavage. 'SVliat renders slate so peculiarly valuable, is 
its .piality of l)eiug cleft or split into tliin plates or layers ; and 
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ihi.^ s{)littiug bikes place, not always parallel to the lines of strati- 
licatiou as in the flagstones used for pavement, but in a direct ion 
littlit through the beds, and often almost at right anglt's to them. 
This ohsavage-structure is occjisionally obsenaxl in otlier rocks of 
:ui argillaceous or clayey nature, but more especially in elay-slaie ; 
:iiid its origin is still a matter of doubt among geologists. From 
its extreme regularity and resemblance to certain kinds of crystal- 
lisaiion, it is generally supposed to hiive arisen from chemicjil or 
iiiiignetic forces acting upon the clayey mass while in prociiss of 
^iiliilitication — a sup^iosition greatly strengthened by the fact that 
a jjimilar stnicturo has been produced in masses of chiy by tlu! 
artiticial application of these forces. Of this, however, as well tts 
'fthe antilogous phenomenon of J'oliation^ when we come to t retitof 
the theories of metamoqfliism m the note recapitulatory to the 
Itresent chapter. 

1 11. Being intimately aasotuated with the gneiss and inicti- 
'chist groups, the clay-slate partakes of many of the upheavals 
itiul disru])tions xvdiicn htive affected these strata. Tiiough less 
crvsttilline in its texture, tind not so much broken up by igneous 
intrusions, its beds are in many instances curiously bent and 
'•eiitorted, and generally rest at high anglc.s on the flank.s of our 
"Mest mountain-chain.s. They are found along with mica-schist 
and gneiss in almost all the regions already cnurneratwl, and form 
v:ihi:d)le deposits in the Highlands of Scotland, in Cumberland, 
and in Wales. The scenery of clay-slate districts is often wild and 
I'ictiiresque, its Ix'ds of unecpial hardne.sa jiresenting a iwouliarly 
I'cakt'd and sjdintery outline ; hut their high elevation aini cold 
i layt y soils render them sterile and un])roductive. 

14o. The industrial applications of clay-slate arc numerous and 
'Vi‘ll known. The hard fi.s.sile varietie.s have long yielded a nxist 
valual)le roofing-material ; the finer sorts are used for writing- 
i^lates and .slate-pencils ; and the thicker-bedded kinds are now 
largely employed a.s an ornameutil stone for vasi^s, tables, chinuKiy- 
'lalts, niofviic-pavement, cisterns, and other architectural purposes, 
from the facility with xvhich it can be shaped and tran.sported, 
Ike fine clean suidiice it takes, a.s well as from its com])arativo 
lightness and durability, it is only matter of 8uq)ri8o tliat it has 
II' 't Wn much more extensively used for internal fittings. The 
rlay-alate in many districts, like those of Wales, Cornwall, and 
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Cumbfirliind, is abundantly travei*sed ])y metalliferous veins, aiiil 
frdm these are obtained ores of tin, copper, lead, silver, and not 
unfrequeiitly gold. 


NOTE, RECAPITULATORY AND EXPLANATORY. » 

14fi. The system described in the preceding chapter consists 
of four principal groups — Oueiss, Quartz-rock, Mica-schist, ami 
Clay-slate. Tlie rocks composing these groups are less or inon; 
indurated and crystalline, liave their lines of stratification in- 
distinct, and often altogether obliterated, and, as sedimenturv 
strata, have evidently undergone some peculiar change in their 
internal stmeture. This change, or metainorphisin, whether })ro- 
duced by heat, preasurc, or chemical agency, has conferred upnii 
them the term of MeUtinorphic rocks; and by this designation 
they are now gfuierally known among geologists. As strata, 
they are the deei)est or lowest in the crust of the earth, and aiv 
therefore regarded as Prmary or first-formed, They are also 
known as Non-fossUiferous, Azoic, or Uypozoic strata, from tlio 
fact tliat no distinct traces of plants or animals have yet been 
discovered in any part of the system. The terms metamorphic, 
primary, hypozoic, and non-fossil iferous, may be held as synony- 
mous —the student ever bearing in mind that the nomenclature of 
(leology is at*best but provisional or temi)orary, and must give way 
to new facts and the progress of discovery. Asa general rule, the 
gneiss group lies beneath the miea-.schist, and the mica-schist be- 
neath the clay-slate ; but there are frequent alternations of the 
rocks and schists comj>osing the system, and these alternations 
are often rendered more complicated by the contortions aiitl 
displacements produced by the intrusion of granitic outbursts. 
Though mineralogists have given to the rocks composing tin" 
system different luuues^ — as gneiss, syenitic-gneiss, hornbleinle 
rock, hornblende schist, miai-schist, talc-schist, stea-schist, chlo- 
rite-Schist, &c. — it must be admitted that there are often a great 
similarity and frequent gradations among them. Whether this 
arises trom their being immediately derived from the disintegra- 
tion of older granitic rocks, or from the subsequent metamorphism 
they have undergone, it is difficult to s;iy ; but there is ceiffaialy 
a much closer tamily resemblance, so to speak, among the meta- 
morphic strata, than tliere is among the strata of any subsequent 
system. 

147. Although mineral metamorphism, as stated in the context, 
has taken place locally and partially among rocks of all ages, it 
is yet pre-eminently characteristic of the strata under review ; 
lienee the numerous hyjxitheses that have been adv'anced to account 
for the change. As in nature we have generally a combination of 
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cantos, so have most of those h}’T>othesea, by adhering to some 
^]leL'ial agency, failed to account lor the uhenomeua in question. 
The problem of Metamorphism is altogetner a very difficult one, 
:uid oue involving so many questions in the obscurer dejKirtments 
of eheinistry, electricity, and crystallography, that geology must 
rest sjitistied in the mean time with indicating rather than defining 
the nature of the operative causes. The most obvious and general 
of may be briefly enumerated 1. Heat by contact, iw when 
any igneous mass, like lava, indurates, cry.sbdiises, or otherwi.se 
clianges the strata over or through which it passes ; 2. Heat h\j 
tcanmiss{o7i, conduction, or absorption, which may also })roduce 
laetaniorphism, accordin*' to the temperature of the heated mass, 
the eoiitinuance of the heat, and the conducting ])Owers of the 
strata alfected ; 3. Heat by permeation of hot icater, steam, and 
other vapours, all of which, at great depths, may produce vast 
changes among the strata, when we recollect that steam, under 
siitlicient pressure, may acquire the temperature of molten lava ; 
•1. Electric and galvanic currents in the stratified crust, which may, 
as the experiments of Mr Fox and Mr Itunt suggest (passing 
galvanic currents through masses of moistened pottm-y (^y) j)n)- 
(hu'o cleavage and semi-crystolline arrangement of ])articles ; 0. 
Chemical action and re-action, which, both in the dry and moist 
way, are incessantly producing atomic change, and all the more 
readily when aided by an increasiug temperature among the 
decjier-seated strabi ; 0 . Molecular arrangement by pressure and 
a silent but efficient agent of change!, iis yet little under- 
stood, but capable of producing curious alterations in internal 
structure, especially when accompanied by heat, as wo daily see 
ill th(! manufacture of the metals, glass, and earthenware. 

14S. Such are the more general and likely causes of rock- 
liietamorphism, and as it is possible that several of them may 
I'c ()|)erating at the same time, the student will perceive that no 
liyjKithesis that limits itself to any one agent can be acce})ted jus 
H ilhcient and satisfactory. Heat and chemical action and pres- 
sure are, no doubt, the chief cau.ses of change, and by them we 
'■m rejulily account for new crystalline arrangements in semi- 
h’i^ed ina.sses, for fissures, joints, and cleavage, and in a gi’cat 
Pleasure for that flexuring and folding of the stratified lamina; 
known as foliation. And if to these wo add electricity, and 
iii-w crystallogi’aphic and molecular arrangement under lurtluT 
vhemical re-action, we call in a sufficiency of agency, though we 
^uay not always perceive the precise modes of action. We can 
i’' a<iily see how a mass of sjind may be consolidated into sand- 
stone l>y pressure, or firmly agglutinated by the percolation of 
^oiue cementing material ; but we cannot account for the conver- 
of such a sandstone into a sparkling crystalline rock studded 
^'ith independent crystals of garnet and chiastolite, and having all 
Ifiniiiife crumpled and foliated, without calling in the agencies 
^4 heat, chemical action, pressure, and new luoieculai* arrangement. 
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140. It m by such agencies that geologists have in like 
eudeavourod to account for the phenomena of cleavage and follt- 
/io/i- their theories being regarded as mechanical or chemi<'i[ 
according as they are founded on physical or on chemical o u. 
siderations. Thus, those who regard cleavage jis a minute specii. 
of jointing, generally running parallel to greataxes of elevation. :ii:i 
altogether independent of the strike or dip of the strata throiiL'i 
which it passes, adopt the mechanical tlieory of great lines oi 
cosnucal u])rise and contraction ; while those who regard it as ;; 
species of crystallisation or new molecular arrangement adojii a 
chemical view, and ascribe the appearance.s to the action of eleoti i- 
ml or chemical forces. As with cleavage so with foliation, one st i 
t)t' theorists advocating new molecular arrangemt'nts of tlie inas', 
and another endeavouring to account for the tlexures by mechani- 
cal pressure on the semi-fused laminte of the respective strata. In 
a limited elementaiy outline, it would be out of place to do inoiv 
than indicate the bearings of the question ; and wo need only iv- 
mark that much wider oWrvation and a more intimate acquniiit- 
ance witli the facts of terrestrial chemistry and magnetism aiv 
necess.a|^ before geology can hope to arrive at any sati,sfact<iry 
hypothesis respecting such intricate phenomena. To those wlin 
may feel inclined to pursue the study of metamoiidusm, clejiva^fi, 
and foliation— and a nobler field for the geological chemist .^ii i 
)>hysicist does not i^xist within the range of the science - we woiil'l 
recommend the Theoretical Itesearches of Sir IT. de la lleolit', 
Bischof’s Physical Researches^ Hopkin’s Terrestrial Magnetim^ 
]\lr Hunt’s re.scarches in the Memoirs of the Geological Sarcai, 
and tlie papers of Profes.soi's Sedgwick and Phillips, Mes.si's 
Sharpt!, Sorby, and 1). Forbes in the Transactions and Jonnid 
of the Geological Society. 
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loO. l^KFORE entering on the fossiliferous sy.steins, it may l)o 
well to remind the student tliat the department of l)i.s suh- 
jfct having special reference to fossils is termed Palaontolo<pi 
ancient, beings, and loips^ a discourse), or that which 
treats of tlic former life of the globe ; while the de])artmeiit 
uiiire immediately concerned with the mere rocks or .strata h\ 
s|K»keii of as JJtholoci^ {Uthos^ a sb)ne), or Physical Geology, The 
julaoiitologieal and lithological aspects of a system are therefore 
two very dltl'crent thin.gs, and convey much the same meaning 
when wo speak of the stratiyntphical order of its rocks, and 
the wolo(jical or botanical characters of its fossils. To describe 
fully any system or suite of strata, two things are iiece-ssary— 
to ascertain their mineral composition and physical relations, so 
fw to determine the conditions under which tlicy were (lepositiul 
and tlie changes they may have subsequently undergone ; and, 
to examine the character of their fossils, so as to arrive 
at some knowledge as to the biological c<mditions of the region 
at the time of their formation. . The student has been already 
liiniished with aids to enable him to comprehend the lithology of 
a system ; we shall now endeavour, as far as the scope of an 
' h'lueiitary text-book will permit, to explain the general cha- 
faetei-islics of fossils, what they are, the stiilcs in which they 
cceur, and the terms and arrangements ado[)ted by pahjcont(jlogi.st.s 
in the.ir comparisons of extinct with existing species. 

151. The tern fossil is apjdied indiscriminately to all remains 
"f j'lants nr animals found imbedded in the solid stmta, and con- 
verted into stony or mineral matter. When petrihietion has not 
luken place, and the organism is merely imbedded in superficial 
^■luvs ;ind gravels, the term mih-fossil is that more properly ay)))li(.Ml. 
finis the l)ones and shells of the chalk, converted into liniestfme, 
und even harder than the rock itself, arc “ fossils” pro])cr ; while 
tlie shells of our raised beaches, and the gigantic bird-bom^s found 
iu the river-silt of New Zealand, are merely “ sul>-fossil,” or in 
die fii'st stages of petrifaction. Fossils, whether vegetable or 
Primal, are generally converted into the same substance as the 
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rock in which they are imbedded : that is, if occurring in 
stone they will be more or less calcareous ; if in coal, bituiniuouv; 
and if in sandstone, more or leas arenaceous. It must not, liow- 
ever, be imagined that, because a fossil is found in limeston.., 
it will be wholly calcareous ; or in sandstone, that it will K. 
arenaceous. The fact is, that fossils often present very anomalous 
and puzzling characters — being converted into Hint like many 
of those found in chalk, into ironstone like some found in«i‘ual, 
or into iron-pyrites like many found in clays and shales. In 
numerous instances the form and bulk of the organism is appan m 
and perfect ; in others it is a mere impression of the external sur- 
face ; while frequently the substance is altogether gone, and only 
a hollow cast of its shape is left in the rock in which it was origi- 
nally imbedded, The.se and other states are common in evuy 
tormatiou, and by a little practice the eye of the student uii! 
readily detect the slightest ti-ace of organised structure in any 
mass of mineral master. There is something so ])eculiar in llir 
arrangement of organic parts— be it the structure of bone or shell, 
the cellular or ligneous texture of plants, or even the mere oina- 
mentation of external surface that at once arrests the eye, aii l 
enables it to distinguish between the organic fossil and the incr- 
g;inic mineral that contains it. And where the naked eye may 
fail, a common pocket-magnifier will often enable the observer to 
detect the presence of an organism. In more obscure ca.ses, aiai 
where the ordinary lens is too feeble to reveal the speeitlo 
character of the fossil (such as in a mass of coal, for example, 
the most intri(;ate structure of the organism can often be beauti- 
fully displayed by j)olishing thin slices of the substance, au l 
submitting them to the higher powers of the microscope. 

162. In whatever condition fossils may be found — whether con- 
verted into metallic })yrites, into a bituminous mass like coal, or 
into stone like flint or limostone-^they may all, wdthuut much 
scientific error, be .said to ha petrified. The process of ])etri faction, 
generally sj)eakiiig, consi.sts in the infiltration of stony matter 
into the pores of vegetable or animal substances. In some in- 
stances the organic laxly hris almo.st entirely disappeared, ainl 
the stony matter has been so gradually substituted, particle for 
particle, that the petrifaction presents a perfect resemblance in 
its minutest parts to the original stmeture. Petrifaction has 
been artificially imitated by burying bones in mud, clay, .ainl 
lime, and it luis been found that after a time tlie bones became 
black, harder, and heavier ; and had the process been continuo<l. 
they would liave eveiitiuilly been undistinguishable from true 
fossils. Springs holding lime or flint in solution are familiar 
examples of petrifying agents when they convert pieces of moss, 
straw, tw'igs, and branches, into calcareous and siliceous matter. 
Lime and flint are perhaps the most abundant petrifying sub- 
stances in natiu'e ; but many fossil bones and shells are converted 
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ii)tn metallic crystals, vegetable remains into bituminous masses 
like and not unfrequently trunks of trees have their forms 
l^ rfeotly preserved in strata of fine-grained sruidstone. Witliout 
filtering ujion the obscure, and as yet little studied, jmoeesses by 
whicli organic substances are .preserved in the cnist of the earth, 
we may iu>tice a few of the more obvioim, rather with a view to 
iiulicatc the nature of the subject than attempt to teach its details. 
A sljell, like tlie common cockle, may be buried in a ina.ss of cal- 
(•.'irfous mud, and wlien so enclosed it is of itself compoaod (»f 
cailinnate of lime and a little animal matter. As it remains 
iinludded chemical changes take place- -the animal matter de- 
cnrii noses and jiasses otf in a gaseous state, and its jilaee is sup- 
|ilif(i by an additional infiltration of lime from tlie m:iss. If iron 
ill sdliition be present in the mud, the sulplniretted hydrogen 
arising from the animal deconquisitiou will unite with tlie iixm, 
aiJil tlie shell will become coated or incrusted with shining iron 
jivritcs, or sidpliuret of iron. As the calcareous mass becoim‘s 
(‘onsolidated into limestone-rock, tlie shell will also become bard 
and stony, but still preserving its form to the minutest ridge and 
(’(•rrugation of its exterior surface, lly and liy, earlionated waters 
may filtrate thi*ough the pores of the 'limestone ; the shell may bo 
dissolved entirely, and h'avc only a hollow cast of its form. 
Another change may now take place; water liolding siliceous 
matter may percolate through the rock, and the liolbiw shell-cnst 
be filled entirely with Hint. As with Hint, so witli crystallised 
carboiiiite of lime, with iron jiyrites, or even with a soft clayey 
deposit that yields to the scratch of the nail. All these are pos- 
sible cbaiiges, and changes which every day present themselves 
to the palreonUilogist ; and as with a shell, so with a tooth, a 
fraginent of hone, a fish scale, a mass of coral, the net-work of a 
b af, or the woody fibre of a drifted pine-brancli. The structure i d' 
the organism is always more or less preserved, and forms a basis 
f >r the petrifying solution, which thoroughly pervales it witlmut 
disturbing the arrangement of those parts on which its character- 
istic furm dejiends. It is this form or external eharaeter which 
enables the j^alaoutologist to compare and classify fossils witli 
existing plants and animals ; and it is this internal arrangement 
‘'fcell and fibre, ns revealed tn the microscoj>e, that enables him 
t" detect bone from shell, and the bone of a binl from the bone 
'1 a mammal. 

lo3. Having asccrbiined whether his fos.sil belongs to the 
Vegetable or animal kingtlom, the next endeavour of the pabe- 
"ntologist is to discover to what class or family in existing nature 
it offers most points of affinity or resemblance. Considering the 
<d)scure and fragmentary condition in which fossils are fretiuently 
found, and bearing also in mind that most of the snecies and 
genera with which the palseoutologist haa to deal are long since 
oxtinct, it is a matter of congratulation that so much has been 
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done to tlirow light on the botany and z(X)logy of the past, ratlu r 
than a subject of reproach that we can do little more than men ly 
athich provisional names to hundreds of organisms that are daily 
being discovered. Wliere a Cuvier and an Owen, a)i Agassiz aa l 
a Milne Edwards, a Forbes and a De Koninek, have hesitated te 
pronounce, the student of geology need not be ashamed to own 
that he only knows that this is a marine shell, and that a coral ; 
this the scale of a fish, that the bone of a reptile ; this the 
of a shark, that the grinder of a mammal ; this the frond of a 
feiTi, and that the reticulated leaf of a true timber-yielding tree. 
It is owing to the uncertainty that atUiches to many fossil remains, 
and to the fact that so many belong to i-aces now extinct, that 
the science is cumbered with synonymes and sj)ecics— a difticulty 
that is yearly disappearing, and one that need neither deter iiur 
discourage the earnest iiupiirer. 

154. Before the palaionlologist can hope to determine the nature 
of fossil plants and animals -before he can classify tliem and coin- 
paro them with thos(5 now existing, or determine all the comli- 
tions under which they must have flourished, he must acquaint 
himself with tlie lemliug facts of Botany and Zoology. In an 
elementary work of this kind, it would ho out of place U) enter at 
length into the details of these sciences ; hut as a certain amount 
of knowledge is necessary to the understanding of sub, sequent 
descriptions, we may shortly reea])ituIato the elassiticatioii ef 
])lants and animals ;is generally adopted by botanists and zoolo- 
gists, noting such additions as paheontologists have fouml it 
necessary to insert, with a view to cml)raee extinct families or 
genera. The as-sistance which geology bus conferretl, anti the new 
light its deductions have thrown on the other hranclies of Natural 
Science, are not among the lesist of its claims to general attention. 
The re-constructing, as it were, of so many extinct forms of 
exi.steiice lias given a new significance to the science of likk; 
and henceforth no view of the vegetable or animal kingdom, s can 
lay claim to a truly scientific character that docs not embody 
the discoveries of the Paheoiitologi.st. In fact, so insc])arahly 
woven into one great system are fossil forms with those now 
existing, that we cannot treat of the one without considering tlic 
other ; and can never hope to arrive at a knowleilge of Creative 
Law by any method which, liowever minute as regards the one. 
is not equally careful and accurate as regards the other. 

155, Vegetables have been arnuiged into two gnind divi.sions - 
Cellular and Vascular 

I, C'EI.LULAR— -Without rcijular vos-sels, but composed of fibres which 
somctinics emss and interlace each either. The Con ferca: (green 
scuin-liko aquatic growths), the Lichens (which incnist stones and 
decaying trees), the Funyi (or mushroom tribe), and tboyl/^a’ (or 
Boa- weeds), belong to this division. In some of tlieso families there 
aro no apparent sced-tagTins. From their mode of growth, vi?.., 
sprout-like inm'.ase of tlio sjime organ, they are kno^vn as Thallo- 
yens or A myhigtns, 
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11, Vascular — With vessels which fonn organs of nutrition and roproduc- 
tion. According to the arrangenient of these organs, vascular jilants 
liavo been grouped into two great divisioiw— CuYurouAMic (no visible 
seed-organs), and PUANEUOOAMIU (apparent tlowora or seed^rgans). 
Theso have been further subdivided iuLj the following classes 

1. Crijptogamiu — Without perfect flowers, aflH with no visible seed- 

organs. To this class Ixslong tho viosses, ei^uUclims, /emu, arul 
lycopodiums. It embraces many fossil lorms allied to these 
families. From their mode of growth, viz., increase at the 
top or growing point only, they are known as Aervgens. 

2. Phnucrogamia monocotghdona — Flowering plants with one coty- 

ledon or seed-loho. This class comprises tho wirr- lilies, 
pnhus, lilies, aloes, rushes, grasses, ami canes. In allusinii to 
their growth, by increase within, they are termed Kndvgois. 

3. P/ianerogamia Gvmnospcnna — This class, as tho namo indi- 

cates, is furnishe<l with flowers, but has naked seeds. It 
embraces the egeadtoe or pine-apple tribo, and the coiti/n'ie or 
firs. In allusion to their naked seeds these plants are also 
known as Gymnogens. 

4. Phanerogamia. Flowering pdants with two eoty- 

lodons or scod-lobos. This idass ernhraeos all forest trees and 
shrulis— tho composiUc, hguminosa', umlielll/ero’, crurifera, 
and other similar orders.* None of tho otlier families of 
plants have tho true woody structuro, oxci'pt tlio con If era' 
or firs, which seem to hold an intermediate place between 
monocotyledons and dic<ityIedons ; Imt tho wood of these Is 
readily distinguishcil from true dicotyledonous woisl. From 
their mo<lo of growth, increase by external rings or layers, 
they are ttmued Exogens. \ 

f^ueb nro the fnii<lamentAl groupiiiga of existing plants, aiul under 
one or other of tliese divisions paheophy tologisU have atte.nijiied 
to arrange their Fossil Flora. It must be confessed!, however, tliat 
fossil V.MDtauy is by no means iu a very satisfactory stain ; and 
as we liave forms to which there are no existing geiil^ic .analogmas 
hpidvdendron, shjillaria, sligmaria, &c.), so it may tiMi out that 
them have been in fonner epochs whole classes of vegetation, 
f 'l'ining, at it were, intennediate links between tin? thallogens, 
■o rogens, gyiimogeiis, and eiulogens of the boUinist, and yet 
hclouging to neither. In naming fossil plants, whose allinities an* 
nil known, the jjaheontologist in gcuenil adopts some term which 
"ill best convey an idea of their appearance, im kpido-dendron 
or sealy-bark tree, stigmnria or dotte<l-l>ark, and the like. Where 
‘^"ine resemblance or apparent affinity exists, the name of the 
living plant is adopted, with the termination iks or lites (Id/ios, 
stone), to show that the organism is fossil. Thus, we have 
dioudrites (resembling the living sea-weed chondrus) ; calarnites 
resembling the calamus or reed) ; and egeadites (like, or allied to, 
die existing egeas rei^oluta). 

lot). Animals, according to Cuvier-— and it is the Cuvierian 
elruHsificatiou which iu a great measure still regulates our notions 
ef the animal kingdom— -may be an-auged into four great diA-isiuns 
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or sub- kingdom 9,— tlic Vertebrata, Mollusca, Articulate, 
und Radiata 

I. VkiitkuHata— Animals which have a skull containinj^ the brain, m l 
a spitjo or b;u;k-bono (vortcbne) enclosing the jtrincipal trunk of ti,.. 
uorvoii.s system# commonly called the spinal marrow. They have icl 
blood; and aro further subdivisible into mamviaiia (sucklors), m.f 
(birds), riptllla (reptiles), imphihia (ampliibious), and (11, slits i. 

These onlers aro susceptible of still more minute division into sub- 
orders, families, genera, and species, according to stnicturc. Form, 
mode of life, an<l other peculiaritios. Thus mammals, according us 
they bring forth their young, are either placental like the ox. or 
warmpial like the k.angariK) ; birds aro raptorial (seizers of tluir 
prey), (jrallatoria I (waders), and so forth, according to habit; nm- 
tiles aro Oatriichian (frog-like), ophidian (serpont like), Ac. ; an l 
fishes aro oxseous or cartilaijinous, according as they aro furnishc l 
with a skeleton of buno or of cartihigo. 

II. Mollusca— Animals of this division have no internal skeleton {niolld, 
soft) ; tho muscles .aro attached to the skin, which in many sjicci* s 
i,s covered with a .shell. The nervous sy.stem and visconi are emu- 
posed of detached ma.s.ses united by nervou.s filaments. They have 
u complete system of circulation ami particular organ.s for bnuitliin.: 
by. Animals with bivalve, nnivalvo, and chambered shells beloiig 
to this division, though many molluse.s, a.s tho common .slug, have ii«i 
shell. According .as they posse.ss a distinct head, they have been 
urninged into cephala, paracephala, aaphala, iicnirata (shell-lrssi, 
and poli/coa, or living in eompiauid group.s. These orders aro further 
subdivided according to tho organs of motion, tho breathing apio- 
rat us, or other peculiarities ; la.'nco wo have cephala pods (heiwl- 
footed), gasUropods (holly- footed), brachiopods (ana-footed), and so 
forth. 

ill. Ar'I'ICULATA — Animals of this sub-kingdom have, as tho name implie*:. 
articulated or jointed bodie.s, like tho wonus, cniUs. and insects. 
'I’lioir nervou.s system consists of two long conls, ranging along the 
body, and swelling out in different parts into knots or ganglia. I'hc 
orders embmoed l)y the division eyre arachnida (spiders), insecta (jii- 
sects), Myrdrpofbf (hundred-feet), Crustacea (cral)H), an nelida (wonnsb 
and ciiUKoa (internal j»ura.sitoa). These orders arc each suscejitibh 'u 
many sub-divisions -tiikijig fonu, mode of life, and other iveculiari- 
tios as the gi-ounds of distinction. Thus tho cnistftcea aro decapods 
(ten-footed), phyllopods (loaf-fiM)ted), &c., according to their caguu'^ 
of motion ; nr macrunis (long-tailed), brachyurus (short- tailed 
xiphosunts (sword-tailed), biking their caudal terminations as 
grounds of distinction. 

IV. Radiata— Compriseis all those animals whose bodies have a radiated 
or star-like arrangement of parts. Iti nniraals of this division, the 
org.aiis of sense and motion aro circularly disposed round a centre w 
axis ; tliqre is no di.stinctly marked nervous system, and the cii cu- 
lation in many species can liardly be di.scerncd. Many of the radiata 
are fixed, as the corals ; others move and float about, a.s the .star-tish 
and sea-urchin. They may be arranged into the echinodermota t^ea■ 
urchins and sUir-fishes), tke acatepha (sea-nettles or jelly-fish), ar,<l 
protozoa (sjwn^g and other olwcuro and lowly form.s). These, as in 
tho other sub^ingdoms, are sub-divisible into numerous families - 
each having some jKJculiarity of structure, growth, or liabit. 

157. Like all other systems of classification, the preceding is in 
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great measure artificial ami provisional, and must, before it 
jiresfiits an axlequate view of animated nature, receive liKiny 
nimlilications and corrections. As it is, existini,' animals can be 
armuged more or less harmoniously under its sub-divisions ; and 
tven the majority of extinct forms take rank and order witlmnt 
iiiuoli incongruity. The new and marvellous forms which raheon- 
telogy has ailded, and is daily julding, to the Fauna of the worhl, 
are wierely filling up the details, the variety and richness of the 
jiatterns on the web of created existence, and instead of j)er[)lex ing, 
^('rve as intermediate and connecting links between points wliicli 
the zoologist had hitherto considered abnormal and aberrant, 'i'iie 
(iicriiiites and trilobites, the s-auroid .and theroid .animals of the 
Palaamtologist, are throwing new light and consistency on the 
plan of creation ; and hencefortli tlierecan be no .adetpia te scheme 
(if classification which does not embrace in its categories extinct 
.as avell .as recent forms. In treating of fos.sil forms, the ]>ala'ont()- 
logist, though he h.as had to establish .a v.ast nund)er of new and 
pmvisional sjaecies, h.as h.ad to invent no new setheme of el.assifica- 
tidii (U’ zoological nomenclature, and w'ith few exceptions the 
vocabulary of Zoolog}' is the sann? as th.at of P.ala;ontology. Tlu! 
tcniiin.atioii oid {eidos, form or likeness) is of IVecpieiit oc(Mirrenc(^, 
aii'l merely expresses re.semblan(*e, as mnroid (liz.ard-lik('), vtijti- 
luid (mussel-like), &c. ; while the tenninatiou r(e or liO’ {iithon, a 
stiiiie), indicates the fossil mature of the organism, as 
Hsh-fossil), (fossil footprint), .and tlie like. Perhaps oikj 

cf the 'widest deviations from zoologic.al nomencl.atma! is that 
adopted by Agassiz in treating of fossil fislu's, .and as tliis is met 
with at every turn in spejiking of these interesting rcin.ains, the 
t'lllowing exi)liinations may he of use to tl)e student. 

loS. As the scales or external coverings are often the Ixtst j)re- 
served portions of fossil fishes, it occurred to M. Ag.assiz to 
.ii'iaiige them into four great orders according to the structure 
"f these parts— namely, the ganoid, jdacoid, ctenoid, .ami cycloid. 
1. The ganoid (ganos, spdendour) are .so ('.ailed from tin; sliining 
'T enamelled surface of their 8cale.s. These scales .are genendly 
angular, .are regularly arranged, entirely cover the body, are com- 
p'seil internally of bone, and coated with enamel. Nearly all tlie 
s]K*cics referable to this division are extinct ; tlie sturgecui and 
boiiy.pike of the North American hikes are living ex;iinj)les. 2. 
The plaeoid {plax, a plate) have their skins eoven;d in-cgularly 
with plates of enamel, often of considerable dirnemsions, but some- 
tii)i(;s reduced to mere j)oints, like the shagreen on the skin of the 
•diark, or the prickly tubercles of tlie ray. This order comjirises 
'dl the cartilaginous fishes, with the exception of the sturgeon. 

The ctenoid {kteis, ktenos, a comb) have their .scales of a horny or 
b'uy substance without enamel, and jagged on the jxisterior edge 
like the teeth of a comb. Tlie perch may be taken as a living 
example of this division. 4. The cycloid {cyclos, a circle) have 
smooth, bony, or horny scales, also without enamel, but entire or 
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rouniled at tlieir margins. The lierriug and salmon are livin,' 
examples of tliis order, which enibracas the majonty of existin'; 
spedcH. Besides these distinctions, it is also usual to recojruisi: 
f(js.sil fishes as heterocereal and homoeercal ; that is, acconluii; 
!Ls their tails are unequally or equally lobed. Thus in hda-ij. 
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('oral Hjwcies (//c/mw, different, and ccrco.?, a tail) the tail is chidly 
on one side, like tliat of the shark and sturgeon, the l.)ack-botk' 
being prolonged into the upper lobe ; in /iowmccmi/ species (/inmo.(, 
alike) the lobes of the tail are equal or similar, as in the salnioii 
and herring. In j)alieontology this distinction, as will afterwards 
be seen, is an important one, all the fishes up to a certain period 
being heterocercs, the ecpially-lobed and single-rounded bids being 
cliaracteristic of more recent and existing species. 

BMf. Besides those distinctions which dei)end on the struclurc 
and form of pi, ants .and animals, there arc others which should lx* 
Constantly kept in view by the geologi.st ; namely, those de))endiiio 
on climate, habitat, and mo<lc of life. The plants of the tropics 
very unlike those of pohir regions, both in number, size, and char- 
acter ; marine jdauts and animals are essentially different from 
those inhabiting fresh w.aters ; and aquatic plants and anqdiibioiis 
animals present a very different appearance from those constantlv 
existing upon dry land. Each race of plants and animals ik 
nioreover, perfectly adapted for the functions it has to perform 
in t he economy of nature ; and is furnislied wth peculiar organs, 
according to the kind of food upon which it lives, and the other 
bal)Its it displays. Thus, one set of organs indicates swiftness, 
another strength, a third prehensile or seizing jx)wei’s, a fourth 
dimbing, leaping, or swimming ]iOwers, a fifth that the anim.il 
lives on roots, on herbage, or on the flesh of others. As in the 
vegetable and animal economy of the present day, so in all fornu r 
epochs ; and thus the geologist, l)y analogy and comparison, is able 
to decide as to the character of the fossil plants and animals which 
he discovers.^ He finds in their characters and skeletons a key tc 
the modes of their existence, and can tell with precision whether 
they lived in the waters or on dry land, in fresh or in salt water, 
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in a ookl or in a hot climate ; whether animals browsed U]v>n 
plants or lived upon other animals; whether they are furnished 
with organs indicating an amphibious existence ; and in general 
can ilctermine their character and mmles of existence. Moreover, 
as certain classes of plants and animals indicate certain conditions 
..t‘ the world, the geologist will be enabled by their remains to 
.le( ij)her the past history of our globe, and so arrive at that which 
is aim and object of all true geological research. 


NOTE, RECAPITULATORY AND EXPLANATORY. 

KiO, In the preceding cliaptcr wo have endeavoured to jioint 
(lut the more prominent charade ristic.s of fos.sils, that the student 
may be pre])ared to enter with intelligence on the consideration 
i'{’ the Fossiliferous Systems.' These system.s, it has hi-en statetl, 
may he viewed in two great aspects, either as regards their mei-e 
mineral and ])hysical relations, or as regards the jduits and animals 
found fossil in their stnita. The former constitutes the Lithology 
of a formation, the latter its Pahcontology, and hotli must he 
taken into account in attempting to arrive at a knowledge of the 
cosinical conditions under wliieh its strata were dc]>osited. Some 
ae(|iiaintance with botany and zoology is, therefore, indispensiiblo 
to the geologi.st ; not that he is to work out tlie details (jf these 
sciences as a professed botanist or zoologist, but that be must 
know enough of their general principles to be able to ai)ply tlicm 
to tlu! solutions of his own special problems. For this ]>iirpnse 
he should acquaint himself witli the leiuliug features of plants and 
ruiinmls ; their classification and relations in the scale (d' being ; 
their habits and mode of life ; their geographical dispersion a.s 
influenced by food and climate ; and, above all, their miitiml 
dependence and connection as exponents of terrestrial coixlitions. 
As a geologist, a little practice will soon enable him to distinguish 
hftween the concentric layers of exogenous and the pitted fibrous 
tissue of endogenous wood ; between the reticulated venation ot 
a dicotyledonous and the parallel venation of a monocotyledonous 
l*“af; and between the vascular .structure of a terrestrial shrub and 
the cellular mass of a sea-weed. So also he will readily learn to 
distinguish the laminated texture of shell from the parous texture 
'dhoiie ; the bony texture of a fi.sh-spine from the granulararninge- 
lacrit of a crustacean chiw ; the grinder of a mammal fiom the tootli 
a shark ; or the bone of a qmidnipcd from the air-cellml bone ol’ 
^ bii-d. To do this— leaving the more intricate .anatomical di.s- 
tinctions to be worked out by the professed botanist and zoologist 
'-'is no very difficult task ; the higher aim, is to link in order the 
various grades of vegetable and animal life as developed in [>oint 
of time and cosmical progres.s. 



110 


TAL^EONTOLOGY. 


lOl. To the student who may wish to enter more fully into 
pak'ontolof^cal considerations, we may recommend perusal of Dr 
Wright’s edition of Richardson's Geology; of Lindley and Hutton’s 
Fossil Flora; Brogniart’s Vegctaux Fossiles; the various vegetable 
Monographs of Gdeppert ; Dr Mantell’s Medals of Creation ; Dr 
Buckiand’s Bridgewater Treatise; Agassiz’s Poissons Fossilrs; 
duvier’s Ossemens Fossiles ; Owen’s Fossil Mammils of Britain ; 
\.\\e Decades oi the Geological Survey; Woodward’s ZfrDp/ v?/;,/ 
Fossil Shells ; Sowerby’s Mhural Conckology ; the general 
ontographies of Pictet and d’Orbigiiy; and as a hand-book of 
reference, Professor Morris’s invaluable Catalogue of BritUh 
Fossils. 



THE SILUEIAN SYSTEM, EMBRACING TIfE LOWER ANT) UEPEJl 
SILURIAN GROUPS, OR THE LLANDEILO, WENLOCK, 

AND LUDLOW SERIES. 


lf)2. Immediately above ilie Metanioq)liic rocks, wliicli, as far 
as yet discovered, are entirely destitute of fossils, there occur 
•■ertaiii slaty, gritty, aud siliceous keds, in which traces of life are 
ooi’asiiinally detected. These beds, often of vast thickness - ;w in 
X'Tth Wales, in Cumberland, and in the south of Scotland are 
iv;,fardod l)y some geologists as a separate formation, distinct from 
the crystalline rocks below, and not to be confounded with true 
Silurian strata. It has, accordingly, been pro]H)sed to ero(;t th^m 
iiito a distinct system, under the term (hnihrian, because 
(hey are largely developed in North Wales (the ancient Cainhria) ; 
'T Cmbrian, because they are tilso well exhibited in the Like 
ilistrict of Cumberland. In an elementary treatise like the 
lii'csent, it would l)e out of place to go largely into the grounds 
oil which this opinion is founded ; l)ut we cannot avoid stating 
the fact for the guidance of beginners, that between the non- 
I'lssiliferous clay-slates on the one hand, and the highly fossiliferous 
‘Silurian (lags on the other, there do occur in these islands a v;ust 
Ht'rh;s of strata (generally known as “lower grey'wacke,”} litho- 
hgically and apparently ])aheontologically distinct from the Inu; 
‘''ilurian system. If it shall be found, in the progress of diseovery, 
tliat the fossil forms in these strata are spi.H;ilically the siime, as 
the fossils of the lower Silurian, then, wliatever their mineral 
cuniposition or stratigmpliical relations, geidogists will havi; no 
■'iteriiative but to regard them as a isirtion of the Silurian syst in. 
Ih "11 the other hand, a majority of their fossil forms shall prove 
be specifically dififerent from those of the Silurian - even should 
diere he a number of species common to both series of strata 
dicn must wo adhere to the views of Professor Sedgwick, ami 
• I'ect the Cambrian into a distinct and independent system. As 
}'ct our knowledge of these strata is neither sutliciently intiniat-e 
exten.sive to enable us to decide the question, and no detriment 
arise to the progress of the science by reganling them, in the 
^'an time, as the basis or “bottom rocks” of the Silurian system. 
Ib 3 . These so-called Cambrian strata, and those now regarded 
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an luimistaknltly Silurian, constitute wliat were formerly 
lus the (J re fwache or Transition (ormaiiow ; the former term hch,^ 
a German word apjdicd to certain pebbly or gritty slates of u 
grey rusty colour whi(;h occur in the series, and the latter haviii,- 
reference to their fossil character, and denoting the sujipos.d 
tninsitumof the world from non-fossiliferous to fossiliferoiis con- 
ditions of deposit. The term greywackc is now seldom emf iloynl, 
or em])loyed only to designate a peculiar slaty siliceous grit» :iii,| 
the ])recision of fossil iiujuiry has all but exploded the idea of n 
transition period. The strata to which we now refer- tliat is. lie 
vast suite that lies between the non-fossiliferous clay-slatys aiul thr 
old rod sandstone being very fully developed in that district of 
country between Englajul and Wales anciently inhabited by tic 
Silures, the term Silurian has been applied to them, and tli- 
system very c;irefully workc«l out both in its miiu'ral and foy>'l 
.as])ects. It is to this system of strata, so typically displayed in 
the counties of Montgomery, Ihulnor, and Salop - the iSilui ia <4 
the ancient Britons — that the attention of tlie student is about t.i 
be directed. And hero it may be remarked that the formatinii, 
originally so carefully and zealously invci^tigated by Sir llodei id; 
Murchison in 1831), has since found its full equivalents, boili 
lithologically ami paheontologically, in several regions, especi;dly 
in the south of Scotland, in Bohemia, Scandinavia, Kussia, and 
North Americii. 


Lower and Upper Silurian Groups. 

104. In whatever condition the mehimorphic rooks were at llrs: 
laid down in the se;is of deposit, we have seen tliat a common crys- 
talline aspect now ]>ervade8 the whole series, aud that the usual 
alternations of sedimenUiry matter are all but obliter.atisl. Mb 
caiuiut say, for example, which stratum wjis originally of cluy->ilt. 
which of sand, or which of gravel. All these distiuotioiis an 
(‘ffaced, and we cannot arrive at any satisfactory ct)]iclusion as t" 
tlie waves and tides and currents by which they were aggregated, 
or the nature of the seas in which they were dei>osited. The cii * 
is widely ditfereut with the Silurian strabi. Every nlternalieii i' 
distinct and evident : beds of slaty sandstone and pebbly ooiigl'^ 
merate, slialy mudstone, clays, and limestones follow one another 
in freipient succes-sion, and present so slight a change in tlici: 
mineral structure, that we can readily judge of the conditii us 
under which they were originally deposited. Some of the sand- 
stones are finely laminated, and hear evidence of tranquil sedi- 
ment ; some are ripple-marked, and testify to the preseuce ef 
tides or gentle currents ; while others are pebbly conglomerates, 
and bespeiik the existence of waves and gravel-beaclies, such as 
we witness at the present day. Of the shales or argillaceous 
betla, some have evidently been thrown down in deep water as 
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«nft Mack mini, while otliera have Inrn foniinl in sliallnwcr ha vs, 
;iii(l oMitain a certain admixture of sand, with sea-shells, such as 
are found at no great depth from the shore. Of the limestones or 
ealeareou.s strata, m.anyare replete with the remains of corals and 
sliells. and recall the existence of seas in which the coi-al-polvpe 
leared its reefs, and shell-fish congregated in beds like (he o\sler 
and mussel of our t)wn times. Fndeed, the abundant presein’e of 
fiNsrt zoophytes, corals, molluscs, and crustaeeans, tells <it varying 
cninlitions of wat(‘r and sea-bottom, of light, and heat, of tribes 
that si'creted tlu!ir nutrimi'iil from the ocean, or preyed on each 
otln-r ; and genm-ally of a stata; of things dilferent, it may be, but 
still analogous to that which we perceive in existing nature. 

HIo. Tlu! system which contains evidence of these varied <‘011- 
ilitioiis, consists essentially of argillaceous, arenaceous, and eal- 
iMivous strata. 1 dark-coloniaal laniinat('d shales, shales with eoii’ 
rntioiis of liniestomy beds of e.alcarcous tlagstone, thick beihled 
sandstones and ptdddy eonglomerate. limdy lamiiiate<l mii'aeeons 
>andstones and shales, .and impure cl.ayoy limestones, and liiiie- 
^tniies of a eoiicretion.ary structure, m.iy be sai<l to eonstilute the 
entire .s\steni. d'his dcscri|»tion refers, ol'eoiirse. nioi-e es|>reially 
to the stnita as ih!V(dope(l in England ; and tlu' student must b(‘ 
|'rc|iared to meet with gre.at lilh(dogie;il diversity in this ;is in 
I'v. ry other system. Littor.al deposits, and those in shallow seas', 
\dll ililfer tVoiii those in deep .and still wati'fs; while the thick 
nniddy silt of :i tidal (;stu:iry will be wholly unlike the ealeareoiis 
acciiiiiiilations of a coral-yielding se.a. It isthusth.at the Silnri;ins 
"f Kiigland are more sh.aiy .'tiid e.ale.areous th.an (hose <if tin' .onith 
et Scotland, .'ind that the thin .and scantily developed beds o( 
Si'andinavia e.an sc.'irctdy be eomji.ared with the gig.-inilc and 
lii'ghlt diver.-itieil Ibrmation of North .Ameri*^*. 'I’aking (he 
typical district (d’ W.ales, which first threw light and eonsis- 
tciH V on the system, we find the .strata cle.arly divisible into two 
-treat gi'oups a .subdivision that holds good in almost e\ery 
region where Silurian i*oeks h;ive been di.scovered. 'I’liese “lower” 
rud *■ upper ’^groups a r»‘ further subtli visible into three well de lined 
scries, as re])re.sente<l in the following synopsis ; - 


If- W-O 

A- /--(sf, 


Id-rrii Sun HI AN. 

j Finely laminateU n-iMish ;iiid greenish .'■andsti ip ';, Inc.iliy 
I klinwu as “ Tile-,to!ieS.’' {! H;iSe nt l)ev<ilii;(!l Sy.' Ieiii i. 

-[ Micaceous grev sandstone in Le(i< of varying lliickiiess. 

I Argillaceous liiiiesli-ne (A yiiiestry liiuostonu). 
t Shale with coiicretioiis of liiiicstoiie, 

{ ( 'oncretioiiafv liujestoni' (Wtiil-n k liiiie't'-ne). 

.ArgiUaeeous .shale in thick 1 m-<1s tWeniisk shaUU. 

(shelly liiuc>t"iio and sandstone (Woolhopo uinl Mavliilii. 


Lower .^ii.ckian. 


IJ'I . ( Thick hedded whiti.'h frecstono (( 'aradoe sindstoue). 

V ^ d Itark calcareous tl.vgs and slates (Hala heds). 

' ( Gritty tlug.s and slates (Lunguiyiul or ‘‘ liotloni Itocs.^ ’ )• 

li 
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IfJO. 'riin ])roc<‘(linL( synopsis ropresonts a tliickiioss of , d 
SHOO feci, and roiiiains, of coni'so, many alternations and unvi'i. 
timis from freestone to sandy llaijs, from Hailstones to shales, :it .1 
from sliales to eak*a.ri‘ous llaifs and limestones of varying tlii! d 
ness and jnirity. In tin* south of Seotland the strata aiv nini, 
^u-itty and aremua'ous, eoiitain, as in Indaiid, hands of iinpin 
anthrai'iti; (tr culm, and are, not so elearly separahh' into seiir, . 
in tlie north of kuroj»e the system <’onsists (»f ealeareoiis shal. ~ 
limestones, and tla.mfy mudstones, and is altoyethei- seantilv d.- 
veloped ; in (‘entral Kiirojui I'Uoliemia and Silesia) the sueei‘s.vin;i d 
even nioresliarplydefuuMl than in Wales; whih'in North Aim la 
a eoinple.x and j-epeated si-ries of limestiines, shales, sandston. . 
.yrits. and eoneloiuerates siami to constitute the forniation. Il i- 
ditlienlt p('rhaps impossihle to eo-ordiuate exactly the strata 
distant regions like Kn',^dand, Scandinavia, and Nortli Anu riei . 
still such co-ordinat ions have heeii attempted, and inaterially M"'' 
onr eoneepiions of tln‘ systinn under i-eview, d'hus airaiiL^ed. il 
Siliii’ians of Scandinavia, which are only ahont, looo feet in tliii'l, 
ness, appear to lind their e(|uivah‘uls in Hritain as follows ; 


tSfii ih/i II" rifi , 

('aleareoiis llae'st.oiKs, 

( 'eralliiie liinesleiie aiul sliat-, 
1‘eiifaiiiecal liiiiestoiie, 

Hlaek araiaolil,' schist, 

Ortlioceratite limi'sitine, 

Alum slates with ehuius aiul a^'iiostus. 


Ilril’lni. 
Lu.llnW series. 
Welllock .senes. 

.Mollin h.'.ls. 
hlamleilo serie.-.. 
liille'ula llL'(ls. 


Tim same may he. doin' with tlie strat.'i <tf other districts; aiii 
until tilt' student attemjtts to eo-(»rtlinate in this manner, he f.iu 
havt' no proper ('oiice)>tion <»f tin' ]tlaee which any part it'iilar se; 
ot strata htdil in tin' system, d'ln' “ Potsdam sandstones,” ‘ 'I'lvu 
toll liint'sttmcs,” 1 M ica sltites,” ,‘ind "Oneida, conglomerates ’ e; 
our .American hrethn'ii have no sieniticance till plat'cd in juxta 
position with the Lingula llai^s .•uni Ll.-unh'ilo beds of our own 
Siluri.'i. In fact, to determine the " etpiivaleiits” of strata ii 
ilitlereiit and distant regions, and to jilace them, by a study "i 
their tossils, on tlie s;ime " horizon” in jioiut of time, is the cliiei 
;um ainl <d)j('ct of lei^itim.-ito e;eolimv. 

KiT. 'riie fossils of tlie Silurl.au system are eminently marim . 
ainl point to varyim; conditions of littoral and deejnsea depo.-itv 
They" consist of numerous species ami <^enera of zoophytes, echiim- 
derms, mollusca, aunelida. and Crustacea. Traces of tishes have 
been ioiind oil the upjiermixst verj^e of the system in Knjrlainl, "i 
in lieds, which ]*y some are reujarded as tlie projier basis of tic 
l)('vonian .system. As yet we have no indication whatever of a 
terrestrial fauna, and the accumulatimj evidence of recent research 
rather tends to dispel the hojie of ever tlndiiio in true Silurian 
strata any of the liiin;hcr manife.station.s of vertebrate existence. 
Still, we must not be too hasty in adopting conclusions of this 
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k'ni'l. for if is not to Ik: supposed th;it evt-rv poi tioii of the svsteiii 
lia, lueii fully ill vest io;vt(‘d. The str;it;i yet examined inav 

heeii de])osiied in deep w.Tter, and imt tilhimse <iepnsiii d 
a'Hii,' tht' shares, and in the estnarit's nf the rivm-s, whieh ean ii d 
diwii the sand and mud of the perind. have htam equallv wel! 
.■xpl'ired, call AVe }>ronounee witli certainty either a^ to the kind 
.[• the amount of fossil remains. As it is, nnnierous oeiiera et' a 
\:ii:*<l and proIiHe sea-fauna have heeii deteet.'d, and ihe-e are 
i!i\ i-ied A\ ith ;i hiydi inti'rest, as hein-jt the earliest e\ idmees ot 
life yet known to oeolo;,^d.sts on onr plamd. And Imr,' h i the 
U'ldeiii impress on his miml tlu' fact, that, ihotieli the ^ irliest 
i.iiMwii instaiiees of vitality, there, is in their structure no imper- 
feeiiMit or trial-work, d'lu* corals of the Silurian sea.-, the .died 
tidi and Crustacea of (Ids pi-iimoal period, are as complex in ilieir 
.'I'.Miiieal ion, :uid as ]K*rfeetly litted for the functions they had to 
peii'oriu. :i.s the ciU’als and shellfish :ind erusttice.a that imw thi'oiiv 
the e\i^^inJ.f waters. With regard t(» the vegetation of the piu ioil 
•ae lia\ t‘ no very satisfactory ex idence. I'hici or sea-uecds occur 
hi ahmidance ; iVac'inentary stems, apparently of afpialic plants, 
lie ;i!mi fl'cipteiit in some localities ; .and the seed spoj-i's id' plants 
.ini'ai'ent ly allied to tin* lyeopodiimi or eliih moss ha\e heeii 
■i I n,.|| ill {In; Ludlow strata. St ill, as a whole, tlie fossil thu'a 
! the Silurian epoch is hy no mc.ans ahumlant or decisive, t liouph 
ill' e.'casiiinal hands of anlhraeite .and .ant hraeiloii.s diah'S would 
• I 111 to indicate no scanty develo|unent of veoetahle lif-. 

Id'^. .\inoiu' the fossils sped, ally eh.ar.acterist ic oftlm jiei'ioil we 
:iri\ notice the followiiie' ; ref*rrine' for fuller deseriptions to the 
rienoer.aplis ineiit ioiied in the recapil ulal ion, and fu- a complete 
h't In Pi'iit'e.ssor .Morri.s's inv.alnahle o/' llrilitili I'n.y. <,/.<. 

file >iluri,an Kluka, as already staled, consists chietly of iihjii or 
ri uiiie plants ; ami these pnnier.ally in such an oh.-mire eondition. 
I' In jii'event the hidanist from determiiiin,<f tiu ir true atlinilies. 

1 Ir y are known liv such names as c/m/n//'/A.v, froiii a re.-'emhlaiice 
t " the -/e)/e/mnv of oiir own .se.as ; /'//cof/r.sx from their an.alooies 
e* the ftifhi orltonl't : and the like names w lm-h 

urlieato resemhl.amaes rather than affinities, and this, in the 
!'i' 'i iit st.ite of our knowh*(|oc, is all that, p.ala ontolooy can .'Up- 
pi.', df the F.mln.v We know a oreat ih-al more, ami can speak 
id) some de^o'ce of certainty as to the eomlil ioms under w hieli 
ii lived and tlmirished. One of the most, common forms is the 
vroy/nZ/p; (y/Y/y;/ui 1 wfitc, aiid lit/iDs a stone;, a peenliar (.ainily 
"1 zonpliyte.s, SO callcfl froiii their rcsernhlance to I lie sea-pen.^ 
'> li'.'/dria and viri/nluriiii c>f our own .se.as. d'hesc zonjdiytes, 
'dniio with a few s]K>nije-like* forms and foraminifer.a, sieeui to ha\ e. 
tliroiioed ilie mu'ldv liottom of the Silurian waters, are hiehly 
rhanmteristic of the lower jiortion of tin; system, and are known 
^'y such names lus rndrites {rmfruiii :i harrow;, diplo- 

ov double-graptolite, didijmo(ji'apSi/.,^, or twin-graptolite, 
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jiiid suchlike tenns ;is best convey an idea of their exttuiial 
iippeunuices. Among the corals and coralloid remains of ih,. 
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])t'riod, tlicre are also many peculiar gem!ra, remarkahhi eillicr i" 
their sponge-like appt'urance. or for the cup-like sliape. of thru 
stnn’ture. brom tlu'. form or arraugoineiit of thoii' pores, tlno 
corals are known by sneh names as eiipcural 

aKirhnoi>hiiUi(iit, or spider-likt^ coral ; <tsfrn<i. or star-coral ; /eV/r 
/)7ev, or siiu-('oral ; himsifrs, or hoiieyccunl) coral ; r 

pipe piu'e coral ; and or chain-pore coral. lnd(a'(l. 

constant are the <-h;iraeters <>f these early and lowly organisms, tli.i 
till' ]iaheonlologist has as little dilfuadty in (list iiignishing 
sihu’i.aii coral from an oolitic one, as he has iii diseriininatin 



between the mollu.sea or Crustacea of these distant ('pochs. ( )l tie 
Eehinodernis, several well-marked groups .are. found in Silurian 
strata, d'ht' most abundant are the A'ac/vafb's or lily-likti I'adiata 
{hrinon a lily), whose calcareous skeletons often constitute the 
inaiii lua.ss of certain lime.stones, just as corals now constitute tie' 
chief mass of existing coral-reefs. J)eferriug furtln'r notice of tie' 
encriuite till we come to the carboniferous limestone, duriii!: 
the deposition of which the family seems to have atUiined it> 
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and f)>‘iUo)ih‘r/r.i, ara; Hnilx'st known ; of (lie lain(dIil)raiK‘lis,fo/, , / , 
ijux'i’i-'i tints, ixisidtuioiiitfitj (trrd, namltt, and 'inoilliiln ; i,)' ij. 
o:i..sloi-o|Ki<ls. fiumiphnliis, iiuircln’sonia, jtli'vordtonui ri<i . and n, • - 
Ixri'd ; ami of tin; <!»‘j)lialoj)ods, Htnitrs, orthon’i'tis, ami ph . 
I'rnis. Anioiiif lln; annniosc or woian-like iniprcssi(»iis roiiii'l :i 
llm systcni llmro is considcrahk^ variety, and these have 1 ,,. 
ocmaally attrilaited to true annelids. Tt is but fair to m.i;. 
Jiowever, that many of tin; mollusea ]»*ave vcu-y peeidiar fi; , 
or tracts on tin* soft mud over wliieh tliey pass, and that no! ,1 1, ^ 
ot the so-eaIh‘d “ sorpidites,” “nereites,” i^ye.. may be nothijiLf im 1 
llian easts o)‘ imj»ressions of tliese |trimeval foot-t mils. Tie' >1!' 
jeet is (die still in oreat obseurily. thouydi at present weianh |ii 
\ ision:illy under the: bead nniir/iihi sudi orijanisnis as s: r/i''ix. 
(so called from tlu'ir resemblance to the serpula of exisllm/ m m. , 
rorinilitxs, r rosso pm Hit, and the like, II', liii 
the most euri((us and aldimlant, as well as most eharaeti ri- lii' . 
Siluri.'in foS'ils, art' t lu' el•ustaeeans termed d’rilobit rs,” ticni 1!, 
three lotted lik(‘ lioiire of their bodies. W'e h;i\'e ot her eii ii iiir - 
siraei'iis erust.'ieeans, as tin* lipiio'iH«;(rls. v. rtttim-n ris, - 'O'V/ 
and /t/( 7 y/t/(»^es-, but by liar t he most typical development oft he oid' : 
lay in the trihtbitida', whose Lteiiera and sjteeies of ditrercnl ti iii 
and ornamentation .stHsm'd to have swarnu'd in the Silurian \v;iii 1- 
iiist as shrimps and prawns and crabs swarm in the seas of oiii- o a . 



day. The ino.st tiamiliai* forms of those trilobites are the asophns. 
(tr)ipi/.i\ Cftli/Diriir, /loniii/onotit-s, oi/t/ifia, olcnii.s, and tri n urh us ; all 
of wliich consist of a cephalic shield or plate, furnished with juc- 
miiieut sessile eyes, a three-lobed body iu segments more or less 
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;,;iiiu nms. find :\ (‘;iU(]:il )>late tn- aiiptMida^o' vari.>us!v (.‘nuinalrd. 
T'h>' iiaincH liy Asliich tluyv an* known ivtor in many insl;im*cs \n 
-uiiit* ]>(‘i‘uliarity of form, as tr'ininhii< : in niluTs, as ns.ij.lms 
i.l.oMin*', u*om*i*ali‘tl , lln-y rofm* In tlu* oli.M-nrity 

whirl) loiiyf roslod, and still in sonn* nn*asni-i* rests, on liie j'eal 
iruun* of these extinct ereatnivs. First li^ni'ed as an iiiseei 
aiiiler tlie titleof fnir'i'liu'iis, it was lone h, foi'o iln- 

aliifcities of tin* trilo]»ile wi're dett'rmined ; and even yet. will) all 
that niodtna) !-eS('ai*el) lias done, mneh of its t nie eharaetei*. as well 
a- iliat ot’ all the fossil eriistaeea, remains to he intei-]ii'eird and 
.li terniiiii'd. As already stated, remains of s an* loun'i in the 
iiji|irniiost he(|s of the* systeni, l)\it these have heen reeaidid hy 
Sir h’niiei'iek Murehiso)) as markine the dawn of thr l>e\dniaii 
lather than the<*lost* of the Sihirian e‘i‘a ‘‘a hme oarly period, in 
Nvliieh no verlehrated animals had keen ealh-d ini" exi-teiii'e,'’ 
This opinion must he rt‘)*eived, however. as indicatine the paiieity 
"f >ueh n‘n)ains )-ath(*r tlian their t<it;d ahsenee ; and foi- the liiial 
.'I'niipiny of the 'I'ilestone” beds either as Silurian or I >e\ saiian, 
A ' luii.'t wail iuo)*i* (‘xlended I'eseaia*!) and the p)’oy)-ess of dis- 
e iVi'ry. As fai’ as I'o.ssil e\ idenee ;jocs, in the mean ti)iie. lin y 
.appear to !»(* the leeitimale base ol'the Devonian «n*oli! )'eil .'-.aml 
■'.' lie of Seotlaiid ; :ind t'ntei-l.ainiiiL; this opinion, we resorve de- 
''■ription of their A's/ew and ih rnlhtr ra*//.s7-0'- O/es* till we eoine lo 
treat of that systi*ni. We are >>0 l>elie\e|-s i)) arlitii-ial *• systi ms ’’ 

' !• sharplvoielineii '• forn)a( ions," nor wouhl we (■ni*oni'.i';e ihe 
rle.a tliat the ereation <if ve)-tel>rale existence in .voine of ils foiaiis 
Win iioi coeval with th.*)tof the lowest invi*rtehr.ala ; iml the pro- 
.'!■ o , of .';eic))i‘e I’eipiires pi'ovnion.al ;)ids ai)d expe.lieiil' o|' this 
lii'l ; and i))erely ;is s)ie|). and i)o|hin!.j inoi’e, «lo We a eiin w.irii 
'he sindenl to i-ceeive all the e\i,-tinyf “ systen)s'’ iind " 'j;roup-T 
'ii'l "seiai's'' (d’llie workin:^ yeoloudst. 

hill, ilespeelili'^ the eXteUt of emmtrv (.(‘eilpiei] liV Silllfiail 
'lata, We have as yet. no vei*y aeenrale inforn)at ion. A > lu loie 
'tieiitioned, they an* most typically di.spiayed in the ili^iriet of 
' 'Hiitry hetweei) Kneland and Wales; the. forn)atio)i al-^o oieni'S 
ti a hfoad hand aloiiLj the entire south of Seotl.and, tliom/h not .vo 
'T irly separalih* intn series ; and tin* lower portions appear al.-o 
'I Dumherland, Wes{n)oreland. and alony the south-e.'ist eo.i.-t of 
h'Tiinl. The systeni is found in Seandinavia. in Ihi.'.-ia, aid 
’h'‘ (Mirals, and vt*rv eharaeteristieally in Silesia and Dohemia. 
■''ihii'ian strata luive also heeii invesliiLrated in tin* south of I'l.aiieo, 
ill Asia Minor, in Au.stralia, and in North Ameriea. aid. as the 
!'i"'j;n'ss of researeh advaiiees, will no donht he dis(*o\'rred in 
ether re'.,hons. In all tln*se di.striets the, systeni is marked hy Ih ; 
•'ttme jieeiiliar fossils ; and thonoh tin* strata may <litl'er very ^really 
itia miiii'ralooieal pointof view -shales, for exainjile, ]i:iS';iiio trom 
^"h disinteeratino inndstoiies to hard li.s.sile slates, sami.-'tones 
parsing from laminated sandstones to j;i.spery eonglonn i ales. atid 
hiuestuue.s from ealeareon.s m.'irls to cimcretionary em nstones - 
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still the moment n freolo^ist detects graptoJites, triJohites, 
orthidiv, and the like, he can have no doubt ns to his jxisith.i 
among trim sihirinn strata. 

17(). 'riie ttffieoiis rocks associated with the syslcm are jvnih 
iinljt‘(l(l(‘(l nr coiitein})()r;iri(iuus, and partly eru])tivc, Tlir iinlu .i 
ded tr;ij)s cldrtly telsj)at])i(; ash and tiifii of a inixod iiiinna; 
(‘liariiclnr, and liavo (‘vidontly been laid doM ii in thcsi* priim vai 
seas, Moitirliinrs in llio stati! of overspread in*^ or mnltmi lava.ai,,! 
sniHct iiiK'S in tlie state of showers of seoria* and ashes. T!„ 
eniptive meks are ])rineipally fels|iathie felspatliie i;reensl(iii.>, 
fels[iar rock, and felsj)ar porphyry. In many instances, as ii 
Wales and the south of Sc()tlarnl, they have rendered tls! sliata 
parlirdly nietaniorphie, eonvertine shale's into good nseftil roofing; 
slates, sandstones into (juartzite, and clays into hard jasjiorv herD- 
stone. d'he upheavals and contortions resulting from theii- enip 
lions ])roduce, on tlie whole, a varied and pictui-es(nu! scenei'\. 
less abrupt and liold than that of primitive <listricts, yet ninre 
diversitied by hill and dale, by ravine and river-glen, tlian that el 
later or secondary pei’io<ls, 

171. In an industrial point of view, the rocks of the silurian 
system are <)f no great importance. Hoofmg-slate of varimi^ 
(piality is obtained from tlu' series, but of inferior value to tliat 
ol the tiaie clay-slate; ll;igstom's .anmpi.'irricd in some districi>, 
though interior to those of the old red sandstone ; freestone l"i' 
building purpose's is also a local ])n'duct ; and limestone for mortal 
and manure is ([uarried and burnt in most silurian (‘ountrics. Th** 
veins that traverse tiu' sy.stem arc in general nu'talliferons, aial 
from tlu'se, ores of mercury, eo))per, leml, silver, and gold, arc 
extracted. J ndeed, aci'ording to Sir Koderick Murchison, ‘'TIh' 
most usual origimil position of g(dd is in (|uart/-ose veinstoms 
that tr.’iversi' altered ptda'ozoie slates, frecpu'ntly near their junc- 
tion with eruptive rocks. Sometimes, however, it is also sliowii 
to be ditlused thnuigh the body of sm'h ro<'ks, whether of igneoii' 
or of aijueous origin. 'Plie stratilied i*ocks of the highest anti- 
quity, such as the oldest gneiss or (piartz rocks, have very si'ldoin 
borne gold: but the seilimentary accumulations which followed, 
or the Silurian, Dt'vonian, and (dirlioniterous fp.'irticid.ai'lv lli*' 
tii'st ol tlu'se three\ have lieeii tlu' dejmsits which, in the tr.ict> 
where they have umlergone a metamorphosis or change of struc 
ture by the iutliu'iiee of igneous ageiu'y, or other causes, have hern 
the c/oW‘ sources whence gold ha.s been derived.” This geiieiali'a- 
tion must be received, however, with some degree of caution, 
until we are enabled to define more clearly the limits of the vast 
formations the so-called Cambrians, the clay-slates, and chlorite 
slates, that Ho between the fossiliferous silurians and the un- 
doubted crystalline metainorphic strata. 
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NOTE, RECAPITrLATOKY AXD EAPLAXATORY, 

In the premlino; chapter we have pivsvntcd an onllin.' nf 
ili,-(il(h'st or earliost fosHiliforons strata as yet known tit irvoloeists, 

( iriu^inally desioiiat(Hl tin; (1 n'limirfct-, or ’J’l'diiaithui t'oniiation, 
;tiid,1>iit iiiij)ert‘eetly detined and little uialerstood, tlnsi' strata 
have recently undt'rooiu! a ino.st ininnte and earerul siirvi v. as 
r.arai'ds both thkdr paheontolooy and their order of .siiper|)(isition. 
Tl,rv art' laro(‘ly devkdoped ift various eonntries, both in the Old 
aiiii in the New A\b:»rld, and ty])ieally so in the dislrii't lietweeii 
KiiLflaiid and Wales anciently inhabited by the Silures ; lienee tlu' 
desiiiiation Silurian System” by Sir II. Mun'hison. their tirst 
.•iiid most, ardent investigator. I'lie system, thonob consist- 
iii'i, in the main, of alternations of tlaostones and .sandstones, 
of ar;.,Mllaeeous and (‘aleanams shales, of elayey limestones, ami 
liiiiestotn^s of a ('oncretionary struct uri', has been divided into 
/" ' /• and upper oroups, and tlo'se <.n'ou|is aoaiii, in the typical 
lii'tiiet, into the JJam^eih, llc/(A>e/', and Lmiloir s«‘ries. In the 
'■■veial series, abundant traces of invertebrate life have lu-eii lie- 
tecied.aiid numerous sjua-ies ol zoophytes, ('chinoderins. inollusca, 
ime-lida, andcrustai'ea, floured ami described. I’einains of lislies 
liave also been found in the up]>er beds, but these are reoarde<i as 
iiiarkino the dawn of the Old lied Sandstone epoeli, rather than 
lo lielonoing to the <‘lo.se of tht' Silurian. .Adhering to this \ iew 
a" a men* ])i'ovisional line ol’ <lislim*tion, we obtain a well marked 
lolsdiitologieal b:isi.s for the Old lletl Sandstone, ami can view the 
-'laptolitea ; the favosites and heliolites ; the actiniocriiiit< s, the 
laai supites, .and cystidea* ; tlm lingula*, terebratula*, ami orthida* ; 
til'- lituite.s and orthooeratites ; the st*rjmrites ami teiitai*nlites ; 
tlic asaphus, ealymene, trinueleus, and other trilobites, as tin* 
I" ciiliai*aiid di.stinctive fauna of the silurian <*ra. These ei*e;itiires 
aiv all of true marine habitat.aml, coupling this with tin* facts of 
'■i]'|»le inai k, and with fre(pi(*nt a]t(*i*nat ions of shales, wbii'h were 
"I'iginally sea-silt ; of sand.stones, whi<*h jM'int to sandy shores ; 
"f congloiiu'rJites, whi(*h sjie.'ik of gravel-be;a*h<*s ; .-md oj lime- 
’’"ries. that tell of shell-beds ami «*oral reefs, w(* are (*arried back 
tliioiigli (]i,‘ lajiseof ages to ;i series of seas and bays and esi naries, 
i’l which the o])erations of life and kleV(*lopment went forward, 
'i' I priiiiig and spr(*ading and multiplying, even as tin y do now. 

ITh. Silurian strata S(*em to be extensively develop* d inmost 
''"'tatries of the M-orld, ami ha*l the limits <if an eiementaiy tn a- 
tisr permitted, stune imjiortant co-ordinations of the system as 
' xliiliited in Hnglaml, in S(X>tland, in li'ihemia, Scamlinavia, and 
^"I'th America, might have been atteinjit***!. As it is. it may be 
' 'naigh for the student to remember that the “ Llandeilo,” “ AVen- 
and “ Tiudlow” .serie.s mark the as*a*uding order in Kngland ; 
tl'at the “■ l^riniordial ” ‘‘ Tran.sition,” and “ lJ[»[)er” zom s imlicate 
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tli(‘ s;uii(‘, or nearly so, in liolieinia ; ninl tliat in Xortli Anii i ji , 
the “ ( 'liainplain,” “Ontario,” and “ irelder])ere ” di visions jm I;- 
to ;i, siinil.ii-, if not to a correspoiidinj^ ascent. Wln'rcver llir . . 
ordination lia.s l>e(>n jnade, and “i^iving toll \vci;,dit (wr i|U' 
I’rofessor IMiilliji.s) to mineral as well as to or^^anie assoiiiii,,],. 
the reader cannot tail to be stmck with the es.sential acconlaiio 
between them all. VVe have, always two gnait zoiuis, which iii:e 
b<! thus defined ; i 

rjijii'i- ( 'iinlains litiiestoiios, and very nninerens fertns of iie^ 'S 

Itrate marine lil'o trilolntes, ortliocerala, pliraLonotarata. ei ini !■! 
eysliilca, Zoaiit liaria, \e. l>ivisil?le into two pai'ls; tins is e 
original Siluniiu of MuivJiison. 

The tw'o parts eonnoeletl by :i transit ion liand (uji[H>r Caradoe.) 

l.nir, r . wiilnait liiiiestones, contains few forms of life, es|iei'i 

rmyuhc, paiadoxidos, conocc|.|ialas, of ,y ]ierea[ts eiil io l v. .n.'i ■ 

t/i in mostly ilislinct. from llioso of the n|iper /..no. 'I'lii- 
divisilvio into two | arts ; the n|>[>er lia\ina in cortaiii portion.-, a | ■ 
raniia. tin; lowor nut </</ foiiinl to yield any t'orms ofanimal life. T; 
iippei- part i.- t ln' “ priinorclial /.one” of .M. Itarrande. the lower ] ' 
is the '• holloiii /.one" of tho Hrilish ( lov a iiinit nt Surve\-. To ei: 
they eoii.>tItnle what aa.s /7// amlt rst'iml, or siijiposi'd to 1 h 

Mil'leet of Sedpwick’s sjtLvial iinpiiry in Wales, ami railed /A- t o 

17,1. 'To the student who feels desirous of enterin',^' nmi'e tii;\ 

into the consideration of this interestin'^ but partially iindeiot 

syslein — atid for .all Ih.at has bet'ii done, there is not a wider or 
liiort' ;itl I'iiet i\ (* held f>r bis researeli we would reeoniiin i,': 
peiais.al of tin; followino gripers .and nionoor.aphs ; 'I'he oi le'im; 
Sihiriiui Sf/.'ift'ui of Sir luKleriek .Mnrehison ; SV/^r/b, by the saia 
atithor; the Slltirh'n Hohnne of M. rjariaiide ; .!/• 

tif tli(‘ Snnrtf t)f (nrii/ Hritiilii, vol. i. ; tin* jiap' i - 

ot 1 ’rotessoi* Sedo'wic'k ill tin* 7’/'>i ii<'«‘tioiis <^t tl<<‘ (Jcoloii'K'til S<'<'iit,! : 
Aliirehison’s ll>issi(t in l-Jn/'d/H' ; ;tnd Mr Jtinies Hall’s n poi i ' 
the Stiri'i'ii of Aci'' } of/', d'o those more espeeial, 

wisliiiio to become familiar willi the aspect of silnrian fissils. lii' 
pl.ales in the wr»rks id’ Mtirehi.soii. Ilarr.-inde, Hall, and in th' 
Dt'cades of the (leoloerical Survey, will readily convey tlie doii"' 
inf nanation, 'The lypie;il .sjuieies (or tlio.se in the mean tine 

erected into separate s])eeies) have also been arranued with m i 
than tisiial care in tho c:i.ses of the Jennvii Street Museum. 1/ ' - 
don, and m.-iy Vie studied e/i tfuite as majiperl on the Heoloona; 
Survey of Euglaud. 
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;ili; (iMi IM'D S.VNDSTONK OU KKVOXIAN SYSTl'.M, KM UK ,\( l ; 
Till; LOWKK, MI1*I>I.K, AM> l l’l'Kl; (.Kol I'S 
oK lUMTlsii <;i;oi,(k:ists. 


I 7 .T TaK'INa; tlic Cu.'il .Mc.'isurcs MS a suit (if miiidli' t'nnii.il l"ii. 
il'.nv is Lfi'iit'fallv tuuml in (lu* lirilisli Islaiids (iin- s«'l nt rciliH.'li 
■ :i lid -tni It'S Ivlnij: iuMU-all), and an<>llirrsct Iviii'/ iinini-diairl\ alna r 
|!|| III. |;v ihc fai'lii'K IfroltiMisls. (lie [oWrr set was dcsi'^lialril till' 

o'J Jo / XW/Z'/.s'/oa/'. and ilia ii|'|»i'i‘ tin* .\ l a' I!"l iSi/z/a../''/" and 
thi'ii^li I lir jirntfl'i'SS of tll<‘ sairliai- lias ri'iidcrad it iiaacssarv In 
inijiMSi' I'l'i'tain runilatinns on 1 lirsa larnis. I liay ara still suHiaii'iil ly 
di a iiii't i\ a and aasily |•a 1 nanll•a^(•d. 'Ilia Old Had SaiaUloiia 
I11|\. lliarat'nfa, ha liald as alilliraaiii'T ilia wilola irrirs o| iMrala. 
'diii'li lie lK.'lwaan tin* silurian s_\slrni on liia one hand, and lha 
'Mriionit’iToussvslani on ilia otliaf. (‘I'rtaiii |iorlioiis oi tin y-laiii 
' paaiillariN davaIo|)ad ill I laVolisllil'a. lialiaa I lia tci |ii /A ao/oo/i. 
\di:ii'li is in'iuTallv ainployi'd as synonMiioiis with lha aainii i' and 
Iti'l'r dasCI'i |lt is l.‘ OlH* of “ Old Ih'd Salldslolia. ’ III lha |irc.-i|lt 

iMptar wa shall nsa tlia tann '■ ! tavoiiian’ as ajijilyina mui'a 
I'ai'l iaiilaids' to till* sti’Mla as davalopad in tlia South ot Kii'iland, 
aid lha lai'lli “Old l!ad Saiulstolla" as inoPa a.sjiaaially .appliaalila 
' ' tlioM' of Saotland — haliavinyy as wa do, that lha ( ailhiia>s; 
nid l'’orfarshira hads ara on a loss’ap horizon than llio l.ij'ili: li 
i'"\onians, and that it raipiiras hoth das alopna'iits to cwiiMitnla 
till' •• .'O/s/iv/i,” as at jirasaiit nndarstuod hy |•allopl'an and .Vniari 
'■an ij-aoliiaisl.s. 

17(i. Tha. “Old Had Sandstuiia,” as tha, naina siilliaiaiil ly iiidi- 
'■ 'tas, aiitisists of a siiaaassion of sandstoiias, altariial iii'y ss ith '-nh- 
“t'diiiata layars of sandy slialaainl hadsol aonarat ionary liiiiastona. 
lha sandstona.s pass in tinanass from alosi-orainaii fissih- l!a;fs to 
thii'k hads of aoarsa {‘onolninarati', and tha shalas Iroin sandy 
h'liiiinatad alav to soft tlaky sandstone. 'I’lia ssdiola systi in is lass 
more coloured hy the paro.xide of iron - the, sliadas varying 
IVaiu a dull rusty ^u-ay to a hriirht rad, :ind from rad to a lawn or 
'■raain-colourad yellow. Many of the slialas ara curiously inoUh'd 
— .UM'acn, }mr]>le, and yellow —and jiresaut an aspect ss hiali, oima 
Seen in the field, is nut soon forgotten. On tlie whole,, sli.'ules 
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of red may ho sair] to pervade the system, unless in some nf 
Jow(‘r slaty hands, wliich present a dark and semi-bitiiniinnu. 
aspect, d'lu* slaty haiid.s of s/indstoiie arc locally known as 
,i/(O 0 ‘.s-!ind /i/r.'t/one.f ; the con/.(Ioinerate.s, wliicli are mci-eIysf)hV|iii, ,j 
^o’a\'el and shin^^de, are kineifully termed puddt/i(/-.st( 0 )j’s - ih, 
pehhI(‘M ))(‘in;f minified tlinmjKh the ma.s.s like tin' fruit in a jiliim 
jniddiiiLf ; and tin; limestones, from tlieir siliceous oi‘ coneretinii;ir\ 
texture, are jL^enerally known l>y the name of roni.stioivH. Th. 
shales aie oeeasionally soft and frialtle, and in lids Utate ai’e tv 
sonui termed iiKir/x, hut as they contain no linn; the name is 1 a 
no means ap]>ropriate. 'I’he ‘‘Devonian” pro])er, r»n the otluj 
ha?id, I'xldhits in its middle and upper |)ortions an alumdani 
diivelojmient of fossi life rons limestones and calcai'eoiis sliah s. . * 
slaty shales or dark hituminous-lookiiiLj schist.s. Imhasl, noith i f 
the Bristol Channel, the fo.ssiliferous limestones, schists, and yiit- 
of T)e\ ()ns]di‘e are altogether wantin;^ ; and we oiv. thus warj’ajiti d 
in I'eoardino tht* rt'd conglomerates, marls, and cornstoiies At 
Hereford and Monmouth, the red .sandstones arid con<,donu‘i-ali s i f 
Cumht'rlaiid, th(‘ pehhly oj-its of Derwiekshire, the yellow sainl- 
stones of rife, the red sa.ndstones and .urey Hags of Foi'far, tin 
houldeiy <’onglomerates that thank tin* ( lrani])iaiis, and the dark 
hituminoiis schists of ('aithiu'ss, as portions of a formati(m uldcr 
ill time than tlnH’ossiliferous linn'stones and .■slaty shales of Devnn, 
of Itelgiiim, and eeidral Kn rope, which seem to graduate into, and 
art^ in part inseparable from, the lower carhoidferous strata. It 
is true that in Itussia, and to sonn* extent in North Amerii.i, 
there ajijiears to he an intimate intm-fusion of tliese two great 
divisions, hence, the reason for I’egarding them, in the mean time, 
as one and tin* same system, and the terms “ (.)lil ited Sandstmn 
and “ Hevouian” as all hut synonymous. 

177. Broci'eding d(*wnwai‘ds from tln^ lowest beds of the cu- 
honiferous system, which are genendly widl delined by tin ir 
abundant remains of c.alamites, stiginaria., sigillaria, sjihenoptei i-, 
and other eo.al [)lant.s, tin* following may he taken as tlu? siicce' 
sion.al order of the “Old l\ed” in the northern ])art of the Brili.di 
Islands ; 

f1, Yollnw and wlnti.sli saVKlstoties, generally tinc-gniiiA'i, 

1 Dit including detactied peblilc.*^, and altonmting wit h l.iyt r- 
^ 1 (if niottleil .shale. (|)ur.a-l)en, Kire.'^hire.) Aloirnlant ^ 

Yn tow ’ "/■g(.v/n.v ; npti/ts ; hut Jar 

Cltoi'l' I l>ebltly grits, altern.aling witti wlihlsh and clnicolati - 

' ■ I coloured .s.andstones. Orrusm/iit/ jigh-st'ii/is ami pht nig, 

f Ci/c/o/>t(ris Jl lima tea. (Du/ise.) 

I d. Itod .sandstone.'^, generally in thick bods of a dull bib k-reii. 
enclosing debiehed pebbles of (juartz and other loeks. < 'i u 
glomerate beds apparently of littoral origin, layers ' ' 
r'rn i greenish, puiyle. and mottled shale.s, and beds of conerel ioiy 
Pij'roTn urv limestone or cornstone. This is the typical “Old Hul 
' ■ I of Hereford, Ciimherhuid, Fife. Berth, and Forfar. Orya."'' 

f rt mains rather rare, and not rert/ distint t. 
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fl Dark <^roy micaceous flaj^'sluiics, with ocrasiotiallv tla-yv 

I schists of a (lai'k hituminuus asj.ect (( 'aitliiioss hi'dsi. AV 
o/jlshes uhundant ; fnqa, id hnpraslous „f ,i,jiod,c 
plaids. ' ' 

'I .5. (Jtvy rusty-coloured sandstones, with eiiduM'd [u hi.hs and 
I beds ofcoi);,domcrate, subordinate to a vast thi.Itn.'ss (.flinc- 
efrained {^-rcv fissile tla.^-stoiics and tile>tones (F.aiarsliire), 

I Jlemaiiis()fjis}i(s; n iiiiinans and jiualia r Vitidacia ; iinjn'iS- 
t siohs ofapaatii- and la ml plants. 


Cktat 

('■•ACI.O- ■ 
MKIIATl': ('| 


d. A vast thickness of consolidated water worn blorks, in 
some districts unilcrlyin;^, iu others assoriated with the tile- 
stones ; its development local, ainl m.t yd well ddei mined. 
Placed liere provisionally. 


The jireee(]iiio HVtiopsis represents llie tistia! order of the svs 
teiii ;is it oeeurs iiortli td llu“ Bristol (’ii.aiimd, and pari indarlv 
'll Seotlathl, tliotioh tt‘\v districts present an entire .suite linm the 
l"We>t to the hioJmsl. .strtita. Aeeordino to !Vol’es.sor Phillips, the 
elder red serit's of Wales and tlie course of tlio Wye ami the Severn, 
may he thus e.xpressetl in otuieral terms: 


I I'i'i it tliiorr. (Vf/i.s and satidstoiies of red. pniple, and 'Meen 

ha d the pel»hles. seattefed in layers (hroti.di tiia>ses of eonsid, rable 
iliii'kiiess. are mostly of iptart/,. sU'.di as oeeins abnnd itiilv in in 

the niiea-M-hists and ytuassose roeks. The maeniln'le of the pi fbles 
varies from ;in ineli or two aeross to small white grains. 1 fif.pi yi hins 
noliilissiniiis oeeurs in this series. 

'Iimn.r. (iltorr. -Ffapstam .S'mos. in creal lliiekness, with pii1m;'s of 
iv d shale anil some irfey'iilar ealearroiis eui'nstoiies. in tiie ci.nnlrv 
abeiif Milfoni Haven this series is iisually tr uer nl by iieo iy \i riieal 
' \ eteavane. ( 'ephalasj.is is nii t wit h in this m l io . 

Iv-Uim (imur. M«,/ Smns. mostly red, with pale and 'r. .idd, iMinh , 
■‘lid irrej-iilar eornsl.oiie layers. White, dark eivy. ai,'! y .'llo'.vi.i, ami 
s'on'-s ajipirir in t hi; lower part of the M'l'ii.s, e,s|,eei.dly romi'l the May- 
hill disi rid, (There i.s no coarse eono|,inicrate in this pai t ..ft li.; .series 
voiiipaialtlc with that of the Cumbrian tiiid (Iranipian cliaim ,) 


-I'll is l’rofes,sor ITtillips oroupium <d' the “Older lied'' of 
l'■■dl■md ; the following is Sir Hodcriek .Murchisoii'seo-urdinafioii 
"1 the (rue Ijcvonuiu witii the Ivheiiisli ;iud Heloiaii tyjies id' the 
hii'iimlion ; — 

^ l)i roiiian.- \ series of sebists ehantderised viry e\l' n-i idy by 
(lie pre.senee of a bivalviihir enistaee.-m (eypridiiia). and when .hne “t. m s 
iati'rlamiiiate tin- sciiist. hv m.niatites and elytiii iiia. h pi. ■, u!s in 
Nassau, in Saxoiiv and Thuritioi.i ; and may In; paralli l' l li; the 
t'l.Vinenian limestone of I’etherwin. and the n|.per h-ds .,f mn th Hm ot). 

\ I ihs !,( )-ii s lie (it'i: iiichmd ta niiard.iis lijirtr carlmii i ti’i'n's. and nut 

Jl^i-ininm.] 

I'-'Jd l,(ini!it(jne.--'\'\M oi'eat centr.al ealeareotis mass e'jni-,a!' i,l In Uiat 
' t I’lvmontl), and jn-ohahlv to tliat of llt'raeomhe. tull of l•'a.^ls, 
erinoidea. braebiopoda, o-asterujioda, cepltalopoda, and till' bit' and 
^^eincofiln; old red fishes. Slrin^occph.alus Ihutini belo!i;.:i to this 

Mald/i Schists with sandstones, tuid somcimpm ciiiuestones. 

CtJcoola sundaliua belongs to this group. 
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f.iurri- - Saiiil-stiincs with slaty schists aii'l snme itniinr^ ::i. 

si nvit'. This CMiitaiiis larj^^o spirilcra*, some sjiccii-,. (T [ihacDjis, an i ; 
ciiriniis I'lriinxiictyma iimlihaiiaticuiii. 

On tlic wliith*, and witliont attcrnpliiiL'' miniiti* fr>-nrdin:iliMiis • 
wliicli \Vi! have not yot siillicifiit data, tin* system as drvrli»|h.,l 
Scot 1, mil, in Wales, Jtovonshin*, l>cl;i;iMni, Knssia, and NUn: 
America, is siilliciently distinctive commencing' with lli ' tl;> 
stoiK's or- 1 ili'stoiu's containiiiL,' onehus, ei‘j»h:das|iis. and |itcr\ 
and closino; with those characterised hy cychipteris 1 1 iln riiii i 
holo]»tychius, pamphractns, and other allied tfeiiera. 

17.^'. Till! ori^aiiie I'cmains oftln; system, thomrli often not w, 
jires' i'Ved in eonsiMpience of the arenaceous nature of tin* I'nck. 
are ni'vei’theless of hiuh and increasing inten-st, inasmuch as i!i. * 
furni -h aliundaiit evidi'ina* of lerrest rial vcLCetation, as \\el! as n;^ 
tinct t I'aces <»t vej'tehrate lile in our elohe. As a whole, ih, 
system is hy no means fertih* in Ih.VNT remains, and it wmii,: 
sc(‘m that, dnrin.Lj tin* period, the Klora of the world was conlinr;; 
to a few detaelied and limited are;is. Anioni,' the tih'stoiu -; .n,,; 
llaestoiies (Forfar and (’aithness), and also amoiiu; some of t!i' 
more laminated shales in the upper section of tin* system, we hao' 
impressions of Juei or seawe(‘ds o7oon//'//c.vi, of mar^h-plani'. 



a])parently allied to tin? eqnisctum, bulrush, and sed.oe {jiiih'lt'.' . 
and of land plants akin to the treed\*rn {ri/i'loptcris', the ealaiiiii ■ 
and h'pidodeiidron of the eo;d- measures. These remains ^eiicrall) 
oeetir in a fragmentary and c.arhonised state, as if they had been 
drifted from a distance to tin* sea of deposit, and have as yet re- 
ceived but scanty Jittcntion from tin*, fossil botanist. AmoiiL,' the 
tla.LC.ety shales of the lower groups ((Caithness) there occur occasional 
bands of a dark bituminous aspect, but it is still a iiucstieii 
whether tlihs bituminous matter is the product of vegetable or 
animal decay. In the Fife and Foifar flagstones, there is also 
fouml in great abundance a peculiar berry-like organism, which 
h;is of late excited considerable attention in couseipience of soin-* 
supposing it to be the petrified spawn of mollusca, Crustacea, or 
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], 1,1 Ill'S, fiii'l of others adlu'rinj.; to tilt* iH'liel that it is tlie Iruit 
, of .some cuinpt)sito <ir of some Lrrnmiiie.His plant. 'I'lie or 
iilMii, here tigureil, has iveeived the name uf <hvqn>„.<. 



li' 111 iteiiio t'aiiy o])serveil at. Parkliill in I' ileshire, and lo'm it-, 
pi/diii"' and <h*eej>live iiatuo'. A.s tar as Me are eii.il'Ieil tn 

ij'.a. and we, hav.' Iiad several Imndreds of • 

r inspi eti.m- we are iiieliin'd to regard m;in_\ of them as (,t 
inie ve'ielahle iirigin, tliou^h some <it tlicm iiiidonliledly ai'e not 
v. 'a taN(‘. and ma'v have h.-en either the .sjawii of mollnsea, or. 
niMiv j.rohahly, of some of the <Tn.sta.-ea. with wlios.- remains 
tla'j;stones so mueli al>onnd. Alloyother onr kiiowleil;jo 
■I'the oTd lied Sandstone Idora is limited and iniperfeet. aiel 
v.'ili the e\'eej»tion of the l.ariie A///<//nov.o/ ■ like plaiils ol 

Mi'Kiiiv.lheeAo/n/yaV.w, yn7//n7d/y/a/a.an(l other / 7 no/rA' liftin' ll.'i'.' 

'! 'n^,^ and lilestoiu's ; the heaiitiful e_//r/<Yi/'av.>‘ /oAe/ao<'o., andoiie or 
'ah //"/’(/ and Ay/yiA /n/rno/ plants ot the middle and nppet 

.I'AiP'-, the veOl'tatioii of the period is yet unknown to o, oloips. 

; , ■ hanna of the system, on the other ham!, is niiieli iinne 
I'.iiiiilant and hotter known, thoiiyh it still re.piires mm-h mor- 
i’iiiiiie elahoratioii than it has yet ns'eived. Annnn.^ the /o 
' I'liN tes We have various speeiesot cyo/ZoyiAi’/'ho/o 

• Uoumti’S, /n'/mto, and other (‘orals diirermy htll ■ 

!i "111 those of Siluria; and in the nj.per yo-mips a few erinonl 
n.il evstoid eehiiioderiiis, ;us adi rnKri huk. r>q>i‘rss'i- 

■o,a.:', and rrhinoxi>h'iriU>^. Of the Mollnsea we hav(- several com 
!"mid forms (hryo/oai. as fr,Hu 4 dl<i and rd>por» ; oi hraehiopo.f., 

• ' ralno/,(,\:>r(/ti.<, ,yHnferaJ>’nhr<t(>ihi, and /,ro./ud,>s; oj la- 

111 ' llihraneh l.ivalves, aoicufa. corhuh, mo’lmhi ami 

'’•xi'hiii of <r;i,steropods, t'tfoiiijili'if )/(///'e/o-y>eh/. and /''ee/o 

i ’lifiiri'i ; and of ehamhered <a-phaloi)ods. e//////e/oo, //o/O'/AA y .nn 
'•> f !<"(•{’/'( I !i are the most charaeteri.slie. Amonfi; the ( -nistm I'a w 
^' 'vr still a few of .Silurian f()rins— the ei/yj/fe/oy /(omoVe/ieA/.y am 
' ‘•xrurm; hut the meridian of trilotdte lih; is evidently jya.ss.d ami 
have now the cifprldina, tluj bronO'Vs, the j4£rfjotm, hi'iii- 
curt/pterus, and otlier forms peculiar to the |wrio< . n s( 
'■rn.yai’eans, aud their reeeut discovery, f(.»rm alto^n-tlier an in- 
^ ivstimr chapter in paheoiitolotry. The inamlihular or jaw-teet < > 
pterygotus, known for the last fifty years t<i the qnarrymen ol 
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ill living shoals by tlie sediment which now conbiins them. Or, a- 
sioiially, only dctaehe<l scab's are found, fis it these, had h, , a 
drifted about on the shores of dej)Osit, and at other tinu's a spin ■ 
is all that bears evidence of their existence. lo these spiin > 



the pal.Tontologist, in the mean time, assigns distinct 
names, though it may hereaft('r turn out that tlu' sjiiiies et ih, 
ditl'erent fins on tlur.same fish may have been ditlereiitly aniir.l 
and ornament<d, and also of dilferent shapes - the dorsals ditli r- 
ing from the sub-ilorsals, and these again troiu the [tectoivil,-. 



Of course, in this, as in other instances, then' is much that e 
merely provisional, and awaits the corroboration or correction ■ ' 
future disi'overy ; and knowing so, we teel it our dut v here 1' 
tell tilt' student ])l:iinly ami without reserve, that not withstaii'i- 
ing all that has been written and saitl about the iishes of tl.' 
old red sandstone, they are still very imperfectly km>wn. d’lu i' 
is yet (18oo) no ]H'rfect restoration of the cephalasjns ; but an 
indifferent oiu' of the coccosteus; while the ostt'('logy ami ]'n- 
sumable functions of the pteriehthys is a ju'obh'iu yet to 
solved by the pabwntologist. Of UEPTll.r.s, wc have the fo<’t- 
prints iinpressi'd on oei'tain slabs ot the lower and njiper If'.-' 
stones ; but of the actual remains of such creatures we bav 
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Miily ono or two small sj»ecinu*ns, n|.j);ircn1Iy ;illic.l Ui.> 
lili’ins (ir Lizards— (iiUMif tlu* most pfrlVd tln' 7' A /'/Jr r..;; 

/ALA" discovorod in l>y Mr I’atrick hull', in llic u])]ut 

vrllnw sandstones ot’ Kl^dn. In this small rf|itile we liavr the 

r'l-t iiistaiiee of a true air-hreatliim; animal -:i ereatnri' wlmse 
. ^isteiiee lies|)eaks the juvsenee of <lrv lands and s\vam)iv shnias ; 
ill all likelihood the same ]»lains and riv.T-lianks mi wiiieh Ltrew 
t)i.'»(juisetnms. the reeds, and rush-like jilants to whieh have 
alivady refeiaa'd. 


riiysical, (leo;i-niitlhcal, an<l liiilusiiiii As|ii ris, 

1711. Th(' io'ueous roek.s mon* iniimalely assoeialrd wiih llu' 
yV'irm are i,o'eenstmie, clinkstone. eom[iaet fels|iar. fi l''|i;ii-|ioi’- 
I'liyi'y, elaystone-|»or]thyry. amvirdaloid. and other vai'ii'tii > of fi |- 
'|Mtliie traji. Lnh'ss in the lower on. ii]i, those traps are rarely 
aiti'i>tra(itied with tlie sandstones, and in this resjieef j.ieseiil a 
'trikino dilferenee from the tufas and asln-s wliieh often alternate 
with tile strata of the sihirian and lower earhoniferoiis s\ stems. 
Tliev oeeiii’ ehielly as upheavino ami disriiptino masses, and are 
tlieiiisehi'S fref|nently cut thi'miLdi hy later dykes ot' yo-eemlone. 
1'Lpar. and pm-phyry thus serminoly indiealino a ee-,',ation of 
o'li'aiiie action durino the main ileposilion of the old red samLlone, 
h'lt a ju'fiod of yu'eat aetivily and <lisl uidrinee hoth at its eom- 
tii'iieeineiit and at its (dose. ( iranitie oullmrsts are rare in eoii- 
ia'lioii with the Old Led; ami it may he received as a ereai 
le t that the pei-iod of the oranite had oiveii way to that of tlie 
tr;i[i. with its mnllifarions e(.nipounds. 

h'f LIk’ ]ihysieal features of old red sandstone di.'triets in 
*'ivat I’.idtain are oeneraliy hioldy diversilie(| and irreyidar 
—ihe hills heino loss hold and precipitous than those of primi- 
tive districts, and more lofty and irreoular than thoe of' the 
l iter seeondarii's. Where the sli-a(a are nnlu-okeii hy trap ei'iip- 
tieiis the scenery is rather llal and tame ; hut the soil is liidil and 
t' It ile. lieiiio hasi'd on sand, oi'avtd. and friahle clays, the aiieienl 
'I' kris of the formation. < Mi the other hand, the hills ol old I'ed 
L'triets jiresent oreat diversity of semim-y ; here ri'-ine in 
feiiiiilod lieiolits. tlien* sinkin^f in easy nndnlal ions, now .^uelliny 
ill 'unny slopi.-s, and anmi relirino in winding; yleiis or renmh d 
mll' V-l.asins of oreat heantv and feitilily. 'I’he (lehiL and 
t'idliiws in Scotland, with their intei-veiiino valleV'. and lie hills 
"■ Hereford, Ih’eeknoek. ami .Mmimonth in Knydand. heloiei 
' "^' hisively to this formatimi, ami may )»e taken as the tyjient its 
I'k.V'ieal features, 

l''h The m‘(Kfrap])i(*al (lislrihuti<»n of tin' old i-imI sandstone is 
'' t'.' extensive, ami there are few ret^dr'iis in which cue or other 
"1 its oroiips is not <'learly developed. In the eastern emintie.M of 
•^'totlaudj all the groups of tlie .system are well exjtosed ; the 
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lower portions occur lar^fcly in South Wales and Devon, in i],. 
south of Ireland, in Heljjfiiim, and in Cennany ; the. niiddlc |, i 
lions oeeiipy extensive areas in Jtussin and the tlats ef (’nii!-, 
Fairope, in Siberia anil Tartary, on to the tlanks of tlie Hiin.il.i', 
Moiinlaiiis ; aTid different nieinl)ei*s of the system are fnimil - 
Centi-al and Southern Africa, in the United States, ami il,. 
Brazils. Wherevin- the system oeeui’s, its strata ,<,dve anij.ii 
evideiii'e of oeeaidc conditions— of de.ej) and trampiil seas* i: 
which were deposited the freipient alternations of the llairst.iin 
and tilestoiies ; of sandy shores, where the thick beds ef >aii.; 
stones Were colleeted and arraiiL^ed ; and of i^ravel b(‘aehes, w lii ' 
W'ere eeniented and solidified into eonjrlome rates and laiddiii. 
sl.oiies. 'I'ouehin^ the.se eoiiolonierates, it, is but riLdif to in1"ri: 
the student, that whih' most of them seem to be of ////oro/ oi i-i: 
others are so peetdiar in tlu'ir eomposition- some of tin* blm k 
beino bouldei's rather than [lebbles and so iri'eoularly 
in the mass of liner sedimeni, that their formation can seaivi 1, 
be aeeounled fbi- by tbe ordinai-y ojieratious of the sea sin !■ 
The ae;eney of' ice, to transport and aeeumidate, has aeeordinjl\ 
been suLCu;ested ; and on the whole, without calling in the presi ii ■ 
of some such jiower, it seems impo.ssible to account for the Imtt r., 
j^c'iious aoifreo'ation of masses like the so-called “ oivat coni.:loim 
I'atiD’ of Scotland. DurinLi; tlii' oivat ]irooressional eyeh i ; 
nature, a. olaeial elimate over certain areas now oeeupied by lli 
Old Bed Sandstone is ipiite as comprehensible, as one duiin.: 
the formation of the Ku^di.sh “ Beianian breccias” (which see , ■ : 
durino the accumulation of the ‘‘Boulder drift,” which inini d! 
alely preceded the exist iny^ eondil ions of the northern heiuisplieo 
.\oain, the freipient ri[»i'lc-marks on the old red sandstone spi :i' 
of recedinu: tides and ocean-currents, the indentations left li\ r:iii.- 
drops ti'll of heavy showers, the abundance offish-remains testi:; 
to the exubi'rance of marine life, at least, in certain localities, :iii 
the foot -tracks and skeletons of reptiles indicate in like maim'' 
the presence of terrestrial oxisteiice. And if we turn to tk 
veyetabh' remain.s, we find in them, scanty as they may app* ci 
sutlicient evidence of marsh, and plain, and hill-side, of rains t 
nourish, and rivers to transport. 

1S2. Economically, tin- jiroducts of the old red .sandstone ^ 
tern are neither very numerous nor of pi-iiue linportanee. I i"'' 
the fissile or laminated beds aix' obtained such llaostones a.s tli "' 
of Forfar and Caithness, so extensively used in jiavinoand shebu' - 
and from the same oroup are raised those “grey slates” or til 
stones, at one lime so generally, and still to some extent, employ' 
in roofing. Building-stone is also obtained from the Ihick-beddi ' 
saudstoiu's ; but in general the freestones of the system, whet la > 
red, grey, or yellow, ar»' not in great ri'juite, either for their In aui \ 
or durability. Bimestonefor building and agi-iculture is obtain' t 
from the cornstones ; and besiiles the.se uses, some oft he Devonshii' 
limestones fiu-ni.sh not iuditierent marbles. The felspai’s. I'or 
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,,!ivriep, and greenstones are exccedin^dv duralde, Init are si-Mi'in 
in Imildin^ij:, owin^' to the ditlieulty of divssini!: tliriii into 
!■ nil. Tlu V make tirst-rato road material.-^. Iiowcvit, and f<ir this 
j,iir])Mse are lar<^ely enijdoved in the di.'^tricts whciv tin y occur. 
T(i the traps of tlie old red the lajhdary is chictly indclitcd for 
iiiMst of the abates, jaspers, cornelians, and ealccdonics, kimwii as 
• Scutcli jicbliles” — these oems hciiiLt u.suallv found in rn\)ch- 
nodules ainonj^ the debris of the disiidcuo-atcd nn'ks, or 
i xtracted from the soft exposed amy^daloids, a.s along tin' Usan 
'■uasl near i\loutrose. 


Note, nF.CAriTUEATOllY AND KXt'LANAToHY. 

b^:k The system uirndi we have inov reviewed under the term of 
diet > 1 , 1 ) IvKh SANDsroNK or 1 )kvoni.\n, is one '»f the most reiiiark- 
alileand clearly defnietl in the enist of the globe. ( ’haraelerised on 
its lower margin by strata coidainiiig the i-emains of fishes, and 
whieh form a line of separation, as it were, between it and the 
iii'lei'lying Silurian, and delineil, on its uppoi- margin, by the 
I irit v ol' that vegetation cvhieh enters ;-o profu''e|y into thi' eoiu- 
I'O'itioii of the ( 'arboidl’erous rocks, there can. in general, lie no 
'iillii'nlty in determining the limits of the old red formation. <bi 
diewhoh', its (‘ompositioii is nianihstly arenaceous, the great bulk 
t the .system lieing made uj> of sandstones and eongloiiierales, 
'•vith sulioi'dinatc .strata of .shale ;ind eoneretion.ary linie-'tones. 
1 hough yielding numerous plant - im]iressions and remains oj 
•' 'I'lihytes, niollusi'a, and jieeuliar erusl.aeeans, its mo>t niaiked 
iiid ehai'ai'teristie fossils are /'V/e.<. often of peculiar forms, and all 
ivei'ed over with hard enamelled .seides, or eiiea soil in bony pi, ate, s, 
nd not unfre([uently armed with sh.arp defensi\e lin-spiiies, 
i ""tprints and holies of .small reptih-s have .also been reeently 
‘l' ieete,f (],„s marking the old red epoch as that during whieli 
'' Hebriit.il uir-bre.athing animals lirst made their appearance on 
’ ll' globe ; that is, as fa i‘ as known facts will permit the geolo- 
-ic to venture u]»on anything like ('osnde.al gi-nendi-at ion. 
1 he igneous rocks eonneeted with the .system are green- 
>toiies. clinkstones, elaystones. fels|):irs, porphyries, and other 
Varieties of felsjiathic traps. 'I’hese tra]>s are rarely inteist rat died 
'Vith the samlstones, and gem ridly apjtear as disnijiting and up- 
I ' .'o ing uiasses. either about the eomineneement <ir :it. the close 
"f tile period when those hills and ranges were foi'iued. which 
'■"lifer on old red districts their jieeuliarly undulating and diver- 
'ifieil soenerv. J;ooking at the wlmle sy-sti in, both in ]ioiiitof 
’iiiir and composition, we are pniinim-ntly remin<led of niarine 
'■"irliliuns — of se;i-sliores who.se sands formed san<Lstones, and oj 
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l)(;;icli(‘S wlioso irnivel was ooiisolidatcd into coiiLfloinei-.itts jn; 
]<iiddiiiLCst()iie— mI’ rcmliiiff tides tliat produced ripj»lc-iiiai k-, ai, ; 
of sIiiiwtTs that left their iiii})n‘ssioiis on the lialf-driid ,'ili ■ 
nmddy t's(uari(‘S. Tin; ivdilish enlour whieli jierva<li‘s the win , 
strata, sliows tliat tlie waters of d(‘]»osit iiiust liava; hern lat j 1 
inipi'e^^Miated with iron in :dl ]>r()l>al)ility derived from thei .u l 
^ranitii' and iiietainorphie rocks, whose dei^radat ion siip])lii'(l i’:, 
sands and ;xf-’<vels of the system. If, on tlie other liaiid, we 
tiyeitc the fossil remains, we are 7’emind<-d of disturhaiiees u lm ' 
eiitoiidjed wlioh' sln.ials of fishes in marine sediment ; ofmai 
and j'iver-l):uiks which yfave hirth to a se.anty orowlh of fiH: 
reeds, and rush-lik(^ v»‘oelal>les ; and (tf sedyy margins, win] 
froy^-like reptiles enj(»yetl the neeess.'UT conditions of an amiiliil 
ous existence. 

1^4. We havi' already allmhal to the ililTieulty of eo-ordiiiat!’,: 
the vast suite of strata usually etid»raeed lyv oeolo.ifists uiidei' t!; 
terms "Devonian” and "Old lied Sandst(»ne.” 'fhe time !i 
not. yet ;iia’ived foj’ «‘st;d>lishino iiniisl.aid. la-eioiis. - in ' 

as r.ritain, Cotitiiieidal Muiatpe, and North America; hut lakii.j 
th(' system as separable into three oreat uroups, .and thi'ouli,., 
asitle tile eyjuadin.a skates of Helydum .and llu' iVtln'i win hed^ ■ 
Noi'th 1 )evon as lower <‘.ai-hoidferous, tht; following niay he reeeivo 
as an a]>]U'o\imat ion : — 

/ Bayoy Feint samlstene and Merte Bay scliists, N. I' o: 

Ti ) paiiatile liniesiene, FH-leimn ; yellow sandstniies nf ie o 

Dell. Bite; !•.) eli>]ilens beds of Kilkenny; I’eil and wl;,: 

V sandstones of I )nnsi-. 

f lUVaeoinbe and IMyinouih limestones, Devon : Kilel linn sn : ' 

) Beledurn ; red sandsl.ines of Iterwiek and l.’o.xlmryli ; i 
'■ 1 sandstones, marls, eoneldinerates, and eoi-nsloiies ol II'; 

h ford, ( 'nnilterlaiid, Fife, Berth, and Forfar. 

I ( 'ail hiiess tkii^s and shales ; N . Foreland, 1 ‘oiloek, and 'f. i ' r ' 

LoWi:i!. N beds, Devon: S|«irifer sandstunes ami shale, Bhine ; I'l'O 

f tIaListones ; Lanarksliiri' inmlst< aies, and hudiew t ile'i ' 

in iikaeiuL!; these' " 'rih'stones ” .at tlu' liase of the system, it " 
lint fair to inform the student that tliey ai'e classed hy sons 
oi'ohieisls .as Ih'voni.an, .and hy others .as Silurian, d’ho tiaitli ; 
tlu'y form a sortid' neutral ^•ound.and the jiroyres.s ol‘ the .seieii" 
can be little retardi'd liy reoardino them in either li;_dit. ll i' 
impossihlt' in evt'i-y e.ase to draw sharp lines of detiiai’e.atioii 1" 
tween our so-ealled series .and .systems; and to insist upon >ii''k 
boundaries is often to do violence to fact and obstruct (liseovei v. 
We h.av(' pl.aeed them .as the base of the old red. lieeaiise we liaV' 
found them t Forfar, JVrth, and l.aji.arkt replete xvith jieiailiar 
forms of eru.st.aeea wholly uidike the well-known types of Siliii i'i: 
bce.ause associated with these crust.aceans are the eyolopteris liiher- 
nie.a, and abundant remains of ce])halaspis, onelius, ]).ai’exus, eliiu i- 
tius, and other tishes admitteilly idevouian ; and kistly, because tin 
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.,1 nliv-'u'ul socli.ins aiv mncli ii:ilui-ill.v 

I!ut. 1 VviiiaiuT Mlunai,. 

I ■ ,..,u 1,,. no ilouU that thoso l’..rlar, l,:in:ii'k aii.l bnllou 
.■oiistilnto a oirat zoiio of onista.a an hi.' all..o.'lh.'i- .lia- 
aii.l iwalliar, aii.l whi.h is ,.iily h..o, ninny l.i n'V,al ils 

sloth.! sohnnrol'iiala'.inl.. logy, 
is-, U.'SlH'.lin.g th.-se ,■l■usla<■.■ans «'.■ may hn.-llv r.■nl:nl.. 
I,* tlmir 1-lano is altogeth.-r unknown in zoology. I In' Ining 


fl 




■iMisliiccH aiv liv ii<» !i Wfl]-iin'lc‘)>t 

,i,in,nHciva.sf.il.y tl.r fart tliat many y. 
11 tlii-ir larval and adult condit mn.<s and 

lininidi M'Vrral slar.-snldurlamoriilinM,;^. 


,(,d das.-- llir dillirilll V 
i„.ra arc tnlallv imliK' 
lial lii't-t. "t tlii'in pa-j 
Mufli nimv ;t|.iiarrnll\ 


.i.,. >this.litlicullv]»n>ciit animi.L' tlicH' |hil.' "^"1’ ' Ij'' ' j ] 

U,..,, l,,inc as it ^vcn^ an intt rlu.-mn d phyll-t-'- 1 , 

:it.::n:llhl:;nh,g,a,Mh';,a.nls.nh'hkns.^ 

li.tM. the <xraUurnrU. a dii. ld ; 

H .dirimp , s.» called fp.m the ii-ddike >hap ^ 

,|„. ta ri. a .Ihninnt V,! lonn . in 

named fium its eahu-pillai like ‘ 1 1 ‘ d f, su 

shoals in tin- l'-orfa,-.sh,r,! ' 'y, ,n,| whi-h may 

ahainlantlv in tin- inn.l-sloni s ol |1 i, ^ 1 „. litli-s 

h,. ,„,,visi.:.nally rank,.'.! as now g,'n...'a n n^l » ^ ^ 

ithong^wingL'il: au.l Nuimma .ilt i 
Slunon;; an.l more reoently the iiuamt-lookiug Sijl;n,r, 
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rieyisu, obtained by Mr Powrie from the tilcstone.s of Forfar, nii,i 
so named from tlie peculiar stylo-like form of its tuiudal aj)j'h ii,l- 
age. ^ All these, and other forms yet undescribed, are totally n, v, 
to science ; are here for the lli'st time figured ; and open up. as w. 
have already said, a fresh and inviting field to the crusta(‘eul(.^ri.| 
18(i. For further elucidation of this classical system, the stial nt 
may refer with e^iual tlelight and instruction to Air Hugh Mill.r. 
Old Rtul R<itvhtoM; to the Poismm fosHilexoi Agassiz ; to sev>i;ti 
of the chapters in Murchison’s Siluria ; to He La Heche’s /Ay vr 
oil tin; (jeolot/i/ of Jh;mn ; to Murchison’s Russia in Europ,' ; .•m,! 
to the section “Old Fed Sandstone” in Sir Charles Lyell’s iiivahi- 
able Manual of Ekmenlar^ Oeoh<ji/. 



• AniiONIFEROl'S SYSTEM, KMBRA(TN(} THE 1A)WKR CO\T.- 
MEASURES, THE MDl NTAIN I.IMESTONE. AM) THE 
UlT’ER OR TRUE (’OAI-MEASUliES. 


1^7. [mmeuiately above tlie old re«l sandstone or Devonian 
'tnvta, hut elearly se])aral)lo from (hem l»y the alnnulanoe of their 
vi'i:otalile remains, oecnr tl)e lowor nu*nil>ei-s of the ( 'akhonifkio 
■M s System. It is to thi.s ])rofiision of veiretahle mailer- (In- 
liicf solid element of whieh is earl)oii that tin* system owi-s its 
iiaine ; a profusion which has formeil beds of eo:il o'(»ul heiiijL' hut 
1 mass of mineralised ve^o-tationi, enters into the eoiiipositiou ol 
:i!l the hituminous or coaly shales, and \vhi<*h stamps many of the 
'.imlstones and limestones of tin* formation with a earhoiiaet'oiis 
As above indicateil, tin* system is Generally sep;iral>le 
Hito tlirei* well-niarked eronps ihf lon'rr rtxd-iitcd/iiin'ii, or eor- 
'’•'iii'h'roiiK sfatcs ; the viount'iin (iineMonc; and tin* or tno' 

""'l-'ineiusureii. The stmh*iit must not, however, suppose that 
'ii'se ;;roujis are every where ju'esent one above another in reou- 
'ir order. All that is atlirmed by ifcoloey is, that these three 
-.'oiiips are found in certain localities tXova S(*otia and Seot- 
land, fur e.Yample) ; and it is ;i rule of tini science always to 
Eike .as the type of a formation the fullest development that 
"HI be discov'ered. In some distriets, as in the north ol 

I'-'ielaiid, the carl)oniferons slates arc absent, and tin; monn- 
'liu limestone with its shales rests immetliately on the old 
i'd sandstone ; in other countries both the lower eroups are 
‘I'seiit, and the coal reposes on old erystalliin; roeks ; w Idle, on 
die other hand, in Ireland tin* carboniferous sl.’ites and mountain 
‘‘iiiestouc are enormously dev(doj)ed, and the cojibnnasures very 
parinely -md partially so. Whatever jaortion ot the system may 
present, it is alway.s easily recognised the ahundancf* and 
I' 0 '‘uli:ii-it,y of its fossil ve^n-tables impresKij)i; it with h atures 
"■ln''h, once seen, can never be mistaken for thosi* of ;iny other 
f-'miation. Derived from the waste of all the preceditit^ rocks - 
;,M’anitic, metamorplnc, .silurian, an<l old re<l sandstone— the 
draia of the .system necc.ssarily present a great variety and com- 
plexity of Composition. There are s;iudstoue.s of every rlcgree of 
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jmrit v, IVniiidiick beds composed of wliite f|u;ii-tz trains, to i] ,- 
s(i-a(a. (litl'i‘riii!f lifilt! from sandy shales ; sliales from sefi l.u , 
Jiated clays to dark slaty tlaejs, and from these to beds su Iniiiii. i 
ons that they are scarcely distin;;uishable from im])nrc lu;!;, 
and limiistoiies, from sparklinij saccrharoid marbles to calcar, ,. ,, 
orits and shales. Ilesides these varieties of sandstones, i-la. 
shah'S, and limestone.s, there oecnr. for the tirst time in tic cpi-- 
seams of c<;o/ anil bands of iroKsfon* , and the,''( *.('. 
ajipearine in every de^^rcfi of admixture, add still fmther tn i' 
complexity of the system. ( )n the whoha the carboniferous s:i a’ 
from tir.st to last, may be said to be comjiosed of freiincnt alo ii: - 
lions of sandstones, shales, liinestoiu's, coals, and ironstmies .c 
these in their respective j,(r()Ups we shall now consider. 


bower ( 'oal-.Mea.sures or < 'arliHMiferous Slates. 

ISS. This yronp is meant to embr.ace all the allenialiouv , 
st.i'ata. which lie between tin; old red sandstone and the mouic r: 
or carboiiilerons limestone. In some districts it is \ery .scan! ! 
devclojM'd ; inotlu-rs, as in Ireland and Scotland, it attainsa tliic 
ness of several thousand feet. In the south of Ireland it i’oiisi> ' 
cliii'tly of dark slaty shales, o*‘'ts, tlay^yy limestones, ami ifa 
seams of impure coal ; and has, from the j,,n‘neial slaty as|ir. i , 
its strata, been termed by Mr iii'illiths the i 'iU'Iid/i l/rrons S/'i' 

In Scotland, jiarticnl.arly in Fife and the Tiothiaiis, it has m i 
of this slaty character, Imt consists essentially of tluck-hnf i. ■; 
whit(‘ sandstones, dark bituminous shales, freijuently iinbciMii „ 
bands of ironstone, thin seams of coal, and peculiar strata, eiif : 
of shelbliinestone or of aruilhna-ous linn'stone, thought from a 
fossils to be of tri-sh-w.ater or estuary oriydn. Unless in itN fa, 
white sandstones ,the ordinary building- stone of Kdinburyli ai 
SI An(lrew.s\ in its line-drained i-stuarv and shell linic.^i,'!.' 
(riurdiehou.se and Burntisland', and in the croater jirofusioii ot 
sliidls and lishes, the lower droup, as developed in Scotland, u 
jei-s little in ajipearance from the upper droup ; hence the 0 I'l 
Liiii'rr generally applied to it in that coiinU} 

In Nin a Scoti.a. .-is shown by Mr Uawson, the lowei- c.arbonit' imy 
measures consist chietly of clayey and hituminous shales. s;i)m 
stones, and thick beds of gypsum ; and as a group are cluri; 
scp.’n’.ibic from the true Cl )al-mc;usures above, both in their hds - 
logical and ]>ala'ontolodical aspects. 

1S1>. booking at, the lower coabineasures in the mass, tlm 
cannot be a doubt they were depositi'd under very dittereiit c, i ■ 
tlitions from the old red sandstone lumeath, and the inouut.a!, 
limestone above. Both these formations aiv eminently mai iui 
the yellow .sandstones Vicing replete with true oceanic lishes, aa 1 
the mountain limestone profusely charged with marine .shelU an * 
corals. The lower coal-me;isiu*es, on the other hand, have more e‘ 
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•1 tV.''h-water llifin of a salt-wati-r asiirct. Cnrallnid fusils arc 
iMivlvnreverfouiHl in tla'ir strata ; rstii- 

;ii v ; tlu'ir |ilants seem to liav(“ j^row ii in iiiaiNlu's ainl di lta 
aii.l iiiaiiv of their lisiios are iari^e aixl of sanmiil ly|ies. I'luli r 
cireuiiistanees, we are justified in i-f!j:anrniir tlaaii as a si pa- 
latr iron]) - a, onnip wliieh, when nn>re iiiiiiulely iu\e^ti;^^^le(| as 
1,1 the speeitie eharaeters of its fttssils. will thmw nnieh iinpoiiaiil 
oil tilt' earlier history of the jn-riod. in lliis opinion ad- 

\,iiieed ill l^iO' we are more an<l nfinned hy the researelies 

i l'Coiiliiieulal and Aineriean ui;eolopi''ts, who are al>o heoiimiiiy 
to draw a line of disfinetion between the i'pper and houer 
r .il oroups. and to <leteet s])(‘eitie dilVereiiees iu tin- plants of the 
1 wo horizons. .\.s a. whole, till' h»wer eoal proup in Scotland is 
niiiiieiith eharaeterised l»y fresh-water or <’stnary reinnins. thoiiph 
in several instanees hands ot' limestone aii<l ironstone oeeur eon 
laiiiiiip eiierinal joints, i‘i‘te|iora, mnrehisonia, and tlie like; thus 
d!"\\inp tliat durinp tlie ileposition ot the strata tla re were 
,’ee:i>io|ia! alteiaiatioiisof marine and fresh water eoiidil ions. '1 lie 
I'l.ANTS most eharaeteristie ot' the ppoiip are .Syo/o /ep//< /■/.- 

■\ fi/n/f,', and s. Ii/n itris ; iiit< i-ini ilmui : jin'nph ns 

li I' rnpIniH Hill ; iit‘iin>ji(<-ris L<>sltii : fiihuiilh ■< ; h jn- 

'I'li/i iiilnui t I, fii /iii/i iinhlrs, and /. <ir(icilis ; /< jiii/nsfra 

re. riintihi/is :\ni\ oniutns; sfl<iiii<iri<i firmil, s :[\u\ shlhil'i : with 
'I'lilfiirix jnii'li//ih‘nii'i, and another of nioir slender 'jrowtli, (>f 
die Animal remains tlie most eharaeteristie are ru/u is /r//.-paiid 
whlidi ahoniid in all the shales and limestones ; ntn'r'i- 
'"iifjiHs cnrixnmnns ; various niiinjiiihi , s<iinetinies loriniiip 
whole hands (d siiell-limesloiie ; mnst'iis //ok » so /on > ii 
and rif< ; iili-'JdfU'lillii/s, li<il(>ji/iir/itl(s llilj(i‘/li, and some 



"’'l••r wadl-niarked i.-hthyolites and eoprolites y.-t nidlaur-yi ;ind 
'iiidescrihed. So eharaeteristie. iiidee.l. are many ot tlnse to- 1I-. 
dial there is little dillieiilty in lietermininp, hy tledr aid. tlio 
low,.[- tVoin the \i})])er eoal-measnres. 

I'.Mi. Ill its mineral composition and strnetnre. the pronp hrm- 
‘■'idenec Ilf freipient .alternations oj seiliment, a.s it Hie ri\er- <d 
traiispurt Avere mov eharpeil with mnd and vep' tahle d' hi:'. now 
"’itli limv silt, .and ainvn with s.and and elay. I iiere aie no (on 
h'leiaerates a.s in tlie old red .saiid.stoiie, and Irom the laminated 
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stnic’tnro of most of the strata, they seem to liav'c been deposit, ,, 
ill traiKpiil wat<‘rs. Then* are, liowever, more freipieiit interstr. 
titiealioiiH of ij'iieous rocks, as if the. seas and estuaries oj'di p,,-;' 
had also been the seats of submarine volcanoes and crat( is i ; 
eruj)li(jn. The iron whicli imjnv^iiated tlie waters of tin* di r... 
jKiriod, and tinged witli rusty red the whole of that systeiii. in v. 
appears in the segregated form of thin layers and bands nf iii,i, 
stone. 'I’lie freipient tliin seams of coal point to a new exubei'^h, , 
of terrestrial vegetation, ami indieati; the existence of a g< ni 1 
climate, and of dry lands of jungles where ])iiies like the .iiaii 
caria reared their gigantic trunks — of river banks where tree ll rii- 
waved their feat lu-ry frond.s - nnd of estuary swamps win tv 
gigantic reeds, eipiisetuins, and olherinai*sh vegi'tation, lloiiridn m 
in ahundanee. When we turn to Hut shell-liincstunes, and lin l 
them two or three leet in thickness (Kingsbarns, Fifeshiiv , aal 
entirely compo.sed of mu.sseldike Idvalvcs (vnio^anodoii. I've. . we aiv 
insttintly reinindi'd of (‘stnaries where these shell-fish lived in hols 
as do the iiiussc*! and other gi-egarious molluscs of tlie present dav, 
( )r if W(t e\;imine the fre«picnt remains <4' tlu* fishes which are Idiin ! 
in tlu! shales and limestones, W(; have amjtle I'vidcnce of tinir 
pnslacious h.-ibits, and an* forcibly i*eminded of shallow seas ai;.i 
estuaries, where huge sauroid lish(*s W(*re the tvi*;mt-sca\ eiii< i' 
of the jieriod. A few fVtigments of land-slu*lls. and the skelt'i"ii' 
<ifsonu* minute n ptiles of the frog kiiul, indicate the e.xislein't 
a. tenvstrial fauna which In'Comes inont abundant and varied in 
file higher grou[)s of the .system. 


Mi'iiiitaia or (.'arl*oniicroiis Limestone. 

1!)I. d'his groujiis oiu* of the most <listim*t and unmistakall 
in the wludi' crust of tlu* earth. Whether <*onsisliiig of one llii'k 
reefdike bed of limestone, oi* of many beds with alternating sli.*de> 
and gritty .saiulstones, its jiecnliar (*or;ds, enerinites, and shill- 
<lisl inguish it at onc(* from all otlu'i* series of strata. In I'ael. ;t 
forms in tlu* ro(*ky <*rust a zone, so imirked and ])eculiar. th.it i' 
becoiiu's a guiding-post, not only to the niiiu'r in the c;ii bnniferon- 
.systt'in, but to tlu* geoh>gist in his researches among other stiviia. 

I t has re(*ei\i'd the naim* of d/oi’/aYot/i />//m>7o/o‘ because it is \ ei v 
generally found tlanking or crowning the traji-hills that intervi n" 
between the Old Ke<l and thet'oal Measure.s, where, from its li.U'i 
and durable texture, it forms bold escarjuneuts, as in the hills ni 
Derhyshire, \'orkshire, Westniori*land, Fife, and many ]iar1s "! 
Ireland. It is also termed the ('nr/ioni/rroxs irom it- 

oecurring in that .system, and constituting one of its most remark- 
able features. 

!!):!. As alre,*idy indicated, this group in some districts c<»nsist' 
of a fexv thick beds of limestone, with subordinate l.-iyei s of c.'di'a- 
reous shale. In other localitio.s the shale.s predominate, and tho 
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;;ii),.sioiies 0 ('(Mi])ya suborilinatt' plaiv alt.TiintiiiLr witli IIk' slial.'s, 
•iilii saaiiis (if coaK and strata of j^rritty saiidstoius. Oiv.-i./khkiUv 
liK' liiiu'stonr appears in one l)oId rt-fi' liko mass, of nioio iliaii a 
liini'lnsi fret in thi(“kiu>ss, separated by a Ibw partiims of dm!,.. 
Mf ratliei- layers of impure liineslonf. Wiiairv.-r \u~ di,' nr.lei' of 
, i.vr.sion, if usually omirs as a dark stdi crN s|;,lliiio liim aoiir. 
.. v:i..i(iiially used as marble, Imt more fref|Uciitly raised for mortar 
,;d<ti:rieuitural purposes. Alonowitli the otliVr meml.ors of the 
it is often re)>lele with the exuvia' of eoials. rnerinites. ami 
Oi- lis. these fossils forminj.!; (he eurioiis oniaim ntal markim^es <.n 
;N polished surface. In eertain Idealities some of the hamls aiv 
dirk and hituminous forming, when polished, the “ hlaek mar 
til.'” of the statuary : and others, when rublu-d. or s( rm-k with the 
liaiiiim r, emit a hie;ldy fetid odonr, well known as ” stiido'lein'. ” 
iiid '■ sw iiiestones.” ( teeasioiially the bitumen m;d\es its appear 
in the chinks and tissures in :i free state, esjioeiallv in tli.' 
\ieinity of t rajMiykes and iriaijUions ; .and thus we ha\ e spiaio 
i-t jii'troleum. and masses of elatei-ite. and slaLt;.,w mineral j>iii'li.a- 
::i lierli\stiire. Fifeshire. and liinlith;^aiw. besides I'einv: I'eiit and 
lidocaled like all other stratified roeks. it is further inlerseeted 
'y \\liat are (*alle(l Joijif.'t or iliri.'ilit/dif ^/Ao/es the " baeks” and 
' rntters" of (he (juarryman' llmse Imino lissures perpendieular 
t" tile lines of beddine, and eausiny llm to break np in larye 
iliiilar masses. 'These natural rents allordiief bee pas-a'/e to 
'■(aier. the mountain limestone is very ol’ten 'aroo\ed and ehan 
'mI d ; iliese ehaiuiels. where tile rook is thiek. beeoiiiile: ( avet n,' 

■ ii'l 'jrotfoes of LTeat extent .and mauuiilude. It is to this pneo 
'b'.ii of water, eh.areeil with earbonie aeid. thal weowe imi onlv 
ti . :,. caverns and the beautiful sV'»A/< bV-.s mid .s/oAo///( ,'/<.>■ wha h 
cl 'in iheir roois ,aml lloors, but .also the numerous pelrifun;; 
'■I'l'ines which abound in lime.> 1 one districts. 

I'fl. I'he Faheontolooy of the ( '.arboniferous limestone, as a 
-r"np, is highly indicative of marine conditions; and in yeiier.al 
tkr ob-M i-ver (eels as iitlh‘ ditlienll v in .aeeountiiiLr for its format i.m, 
111- does in m.a'ountine for the oriyin ol‘ .an exiuiim' <‘oral n ef, 
III tile sandstones and shales th.at aeeomp.any (he liim-toiie.-. 
v.cliave till' usual i‘L.\NTSof the true eo.abnm.asiires; at lea>t. -..far 
' }' \ investiyated, no re.al speeifi.' differ, nee-, h.av.- b.-.n ob-i rv. .! 
I'l the etdeareous beds there is an exnb.-r.aiii mariim f'Ai n.\. in 
hidiny numerous species of sp.my.'s. corals, e.irallim-s. eii.a init. 

’'I 'llu-ea, erust;ua‘.a, and eiiam.-bse.al.-.l tish.-s, sonm of hmj.' aiel 
''■lii’ol.l aspect, ijcaviny the Flora to be iiotie.'.l un.I.'r th.' t'oal 
isur.'s pro])er, 'we, shall her.- advert t.i a few of the ni.ii-' .'ha 
■ leii-ri.^tie animal rem;uns. Am..iiy th.' zooplivt. s w.* Irn.-.'iip 
'■’’■'els, star-i'orals, tulie-e.ir.als, .ami liranehiny and lanmlllf. rmo 
('"l•:^ls- -the more tdnindaiit of whi.-h are the Asfr-t bar 
!"'t'e , the 'htl 'cup-le.af , r'filtJiOfisi.i oaip like . e/ovee 

A' Hill or t’lrbiholiii, .'eurl-leaf Jit/tns(r<iti"it. 'stone,-, -proa. I ..y/roo 
ipipe-pore;, u/d'ijHJi'ot, tube-jiore^, iU/iodtioJi'on , st'ine-trc , 
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and otlier forms- fill receiving their designations from snn. 
])eeuliarily of form or structure, and most of them distiiK i ;u, ; 
indi^[>endent sjiecies. Of tlie cchinoilerms l)y far tlie most alun - 
dant are the crinoidni, or eiicrinites, whose jointed stems ai, i 



Itrauclies ofteti mal<(^ uj) tlie entire mass of limestone. As t rilohii.- 
were es])ecially characteris(i<“ of the silurian jierlod, ami In lo 
|ilaied lishes of the old i‘ed sandstone, so may ('iierinites he iv 
garded as peculiarly distinctive of tin* mountain limestone. Tip ;> 
occur in eiidle.ss varieties. Imtare .all coiistructeii (ni the sami‘ 
viz. that of a. cup-like hotly, furnishetl with numerous arms aii l 
hi’anehes. and .attached to the se;i-hotlom hya jointi'd .and lle\il'i' 
st.alk. 'They derive their n.auu's chielly fntm the shape of tie i’ 
cup-like luxlies, or frmnth.at of thts e.-de.areous joints whieli 
])ose tlu' st.alk. d'hus we have the ('iidthorrinnA, so ealh'd fi’oiii th 
cup-likit sha])t> of its hotly ; the oi- j)<‘.ar-sh,a|)eil ; /•/--' /■ - 

('/•I tir ro.se-shaped ; /iofi ri>>cn nn<, oi* gt»hlet-sh.a]>eil : os/'/'"'' ■ - 
nil.'!, frtuii the star-like tiisposition of its lingers; the nctiiini'rin"' 
or sitiny eiicrinite; the jH-ntacri wlmse st.alk is li\('-siil'''i 
inste.atl tif rituiitl; the (‘lu'i'inux inoniliformia, so e.allotl from tli- 
necklict' aspect of il.s stalk; ami m.any tdhers, ,all th‘ri\ ing tla ii 
nanies fnaii stuue marked exteiaud character, llesidos tie' t ii' i; 
nites or rdy-sha])etl r.ailiat.a, there are true st.ar-fishes. like tli' 
(U'^trriiis of our own seas, ami echimtderms like ttui' sea-ureldie. 
- their thdachetl spines oftt'ii covm'ing tie' surfaces of line stoU' 
str.ata, .'ind kmovu as the iin lm acuta ri-'f (ancient citlaris . .iip! 
pata acJthnia (ancient sea-urchinX Of the mollnsc.'i Wt' h;ive m.in,' 
of the eompt)uml net-like hrvozt'.a. as n tapara ;net-pore\ paf t/r"!' < 
(many jit>re\ riuciilarla (chain-]Htre\ /efo.s/o/(f/ little Aviiefov- 
port'X ami other tlustracca-like tonus. Of the hrachio])ods. (Ir* 
prod IK i IIS, ft I'lhraiidti, spirifira, pcufami riis. rfii/iioiiKt/a. .and 
orf/tis are found in alnmst every hed ; so much so, that “ j'fo 
ductus limestone” is not imfrequently used a.s a .synonMiu'- 
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,1^011.' the himellihraiich bivalves, the most ahun.laHt are tie- 
Vve/^, tit'icu(oi»drn. iuoca-amii.<, nuxlctla, mi/ii- 



aii.l smi'iHinnlih's. Of lie' i4.toi..u1s xv.- havr tlir 
rnivihiria, hmiel in tlie limestmus <,f ('arluk.a ( aiiipHr, 
.' ,1 l'.ri>'lol. Of the 'j;asterop"(ls, f iinni/'lnil In fh ni/ifi'iii . iii"' ' 
,7,/s' nn'nr/n'snn'»i, H'ldo’. ■•'"'1 /'/- >ir'-ln,>nirl<i are the piwail- 
iMrms ; ami of tlie eelbalopo.ls, inoihht:^. aial 



"’■flihrfnta are tlie pnalominatiii.LC ^a-iiera. In J 1'''!,^^' 
Jlin. lV,nns rano. thron;.huul ^ 1 - > 

.,,,1 it is .H.t pos>ih|e,m luanv 

e. int.. lii- .r„u,.. I'',;';;;;' 

'■nuihi^ ami 1,li<-rnfniirli lt>~ .^jiinn > , • 

:•!! the oron])s; ami so also ot iin] 

.m/nJorarU, ami I Im (rihol)l.s / Inll >■ ; 

^Ir.midr, are eonlim-.l more I0 the ......mta.n I"*';; 

- v, r:,l l).r(h-like inserts r>irni(>njnd. < hay Ixm -h 

-:,!ti..Ms.,r 0 .alhrook.lale. Of th- lishes, wh.e!. ra.y Ihy Jm 

til. ■ v.tr.n. hut are eertainly most ahn.elant .n t m ‘ 

hewi-r Measures, we may notiee the //O;/" /' < ‘ ^ , 1 1 >/i /< 

and which an- otteii found )a 

di.' tin-spines y //sn-u/d/o/s, vcrv curious 

''m/Z/i/. winch occur of larm siz.*. and jucscnt x in • m 
f nns and omimeuhdion ; and the palatal teeth of cestraemmlike 
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tislios, vvliidi occur in i^rcat j)l(*iity, aiul have hcen crectcil ii ■ 
sucl) provisional sj)ccicsa.s j>s(iuiniodi(!<, cocIiIuhIks, haludits^ y„r 



rfciioph/rjniis, &(•. naim's dorived IVoiii their forms, srn’,; 
turino;, oi' external slrueinre. As to the hiioo jiredatorv t'l-l,- 
to which many of these i<*hthyoliles heionoed. we know aim ' 
noihiiio ; ;uid in ahsi-nee of t-vt-ry othci’ ])orlion of their r;nt il-e,:! 
oils forms, must rest satistiod with temporary names and appaiv' ■ 
altinities witli living families. Anollier <*ommon fossil in le 
shah's of the inonntain linn'stone ami eoal-ineasiires. as indi i >1 r 
the shales of all the si'Coiidary f uanations. is the ctijii'ulifi ' 
dmio, and /illios. ast.one\or fissil exeia'inent of lishesand s.am i'ir 
In many instances eoprolites eont.ain scales, fraynnenls of sli' i - 
tS:e., the ri'inains of eroaturcs on whii'h the.se voracious aiiiim 
preyed, and not nnfre<jnently they exldhit the eorriiyedioii,- ai. 
<‘onvolut ions of the inli'stinos. In the coal-nu'asnres the e<p)' 
litt's are apjiai’ently thoso ot’ tishes. and in many of the shat s ai’ 
so ahundant as to constitute a notahlc jiroportion of the sli'alui 


'file t'|i|ar < 'oal-Mc.'i.vuros. 

l!)t. Tliis orou]). wliieh coinjih'tes the ( 'arbonif'rons sysimi 
derivi's its naim' from the fact that it fmadshes in iJritain tin ' 
valuahlr beds of i-oal which eontrihute .so materi.'dly t" ' ’ 
eountry’s prosperity and ]iowt'r. Oecurrino immediately a'o \ 
the IMoiintain limestone, or sonuhimes separated t'rom it. .i' ’ 
the north of Knujland, hy thick beds of (piartzo.se .samlsl 'i 
known as the MiUMonc ifrit, itciuisists I's.smitially of alternai:"' 
of sandstone.s, iffits, fire-clavs, black bituminous shales, baini' ' 
ironsti>ne, .seams of eo.al, and oeivisional lieds of im]uire liim .'tei 
One of the mo.st imtalde features in its composition is the frt'iU' : ' 
recurrence of seams of coal and ])eds of bituminous shale a; 
be.s|)cakini; an enormous profusion of vci^^etable j/rowth, an'i 
lon^-coutinued ej)och in the worhl’s history, when condition'' 
soil, luoisturt', and climate conjoined to ])roduci' a flora sim’’ 
theu unpaiiillcleil either in tropical forms or in abundance, h 
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- tills ])r()lii.sion of ve^fptabk* growth, iiuw oonvcrtcil nr Tuiiicral' 
;.Mii iiiti> roni, whinh (listiiii^otislirs tin* parliniiifcrnii'^ liniii ;ill 
.ithiT systniiis tli(* l:ikp8 uiul cstuarins of tin- i.fiiml brliin 
r. )»'at(‘illy chokpd with vn^-tahh; inalU'r, paiily drift nl timii a 
,ii>ian<v hy rivi'r imuiilatiniis, and partly anciHuulalci! on tlir hrd 
(,i' its yrnwth atlnr tin* intuiiu*!' nt pcat-iiinssns. juii-jflcs. and Mih- 
iii, r;a‘d fnrnsts. ( For tlioorips of fnrniatinii. sen llnnapitulatinii. i 
It*.'), d'lu' a.s alrnady stated, (•nii>i>t nf altrina- 

li.iiis lit stuidstniiPM, cnals, shalns. irniistniu-s, rlavs. and iin|iui'n 
!,iiii >tnnrs ; tin* Mdhittnv (,'rit, wliinli is a Inral dcNidojinifiit, and 
i..i: a prrslstniit ijrnnp, consisting inaiidy nf tliirk In-ddnl ipiait- 
/Mil' sandstniins, witli suhnrdiiiatc laynrs of >lial<* and cnal. Animn; 
dll' mult itariniis licdsnf tin* coal-ifmnp, llu-ia* is nn apparmt nrdt r 
111 nici'cssinn, tlmuujh nrit ty sandstoin-s may Ik* said In j>r<*\ail a1 
till' liasc nf tin* orotijn shales and cnals in tin* iniddln. and sand- 
>!iiin's and nitirly-shalcs in tin* n|»pcr pnrtinii thnsn Ltrnhially 
I'as.'intj; into tin* snpcrinr system nf tin* in*\v red saiidstnin . 'I'he 
NiinUlnnes oeeiir in _e;n*at variety, hot are in eein-ral nf a diill- 
wlilte nr hrown colonr, and thiekd»e<ld»*<l. ( >(*<*asinnall\ tin y ai*e 
tliiii-hedded or Haeey, hut in this ease they am iimre nr Inss 
iiiiiieh*(l with carbonaceous, areillae(*nus, <ir e.'dearenus matter. 
Tin* coals also pr(*sent nnnn*rons ditlemnees, ami am known tn 
miiiiTalogists as o/z/Zovo’/te, a imndiiluminniis and semi lustmns 
variety; oil'iini-roaf, a. highly hituminifemus ‘ort, like llial nt' 
Newcastle, which <*akes or undei-^mrsa kind of fii'inii duriiiy enm- 
kiistinn ; K/i/l'iil, a less bituminous and slaty variety, wliieh Inirjis 
tivi* and o])en, without eakine;; and riimi'l, a enmpact lu-tmiis 
variety, which bm.'iks with a eon(*hnidal or shell like liaetnm, and 
i' exieiisively used in tin* inamifaetum of eas. In faei.amniie 
'■"■'(b. as amniie all other mixed meks, there is every di'irree ut 
''iinixt lire, from ;i varii*ty that may yield on enmhu>tinn only 
' 'iiu* 1 nr 2 jier cent of ash, to another that may leave as mueli a.s 
•b iKT cent of earthy n*sidne. or t*veii be so impure as to he altn- 
tiler unfit for fuel. Tin* names. tln*refore, by which the \arietieH 
"> enal am known, must be viewed as |M*pular and local, rather 
than as strictlv scientific* ; though such terms a^ wi- hav e above 
iivlicated are certainly j»rel’e)-abh* to tlm.^e ntteii emphytd Oi 
'h-'^ienatc the mere aj)j)licatinn of tin* varieties; as " steam enal.” 
” !tas-c(jal,” ‘‘ I’urnaec-coal. ’ “ hnusehnlil-cnal,” and the like. I be 
diah's are /.renerally dark-cohnired. and more <'r h» bllumiunns 
~ iiiaiiy of them oc(*nrrine as s, ami some nf tliem siitli- 

d' litly to be used in tin* jirejiarai ieii of (*npjK i'.*is. 1 he 

hii!''stnne.s are often impure and earthy ; ainl tin* irnn>lnne- ueenr 
hi hands or in nodule.s — (‘itln*r as ;i elay-earliniiate nt irnn, nr in 
'■"iiihinatinn with bituminous or enaly matter, as the “hlaek- 
h^U'd” of Scotland. Jt is tins natural admi.xturc of coaly matter 
"hieli cont’er.s on tlicse lilack-bands tlicir csjitcial value, tin* raw 
'"tone being readily caleined--in faef, igniting and slaggmy' dip' ll 
"ithout the expensive admixture of coal, as is tlic case wilji 
K 
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the ortliiiary clay-ironatonos, and hnematltes. The clays — that 
the ai’f'illaceoiis beds wliich <lo not exhibit a laminated or slialv 
structure occur also in every variety, from pure plastic clavs i 
im))ur'j earthy mudHtf)ne.s. 'i'ha Jire-cl<f t/H are those so called fiu! i 
tlieir power of rcsistiii}' heat without sla"f,dng or vitrilVin,'. ; 
propiu’ty they possess from their freedom from limti andirii; ; 
and the a/n/cr-cA/y/s are those which occur immediately uiid r- 
lyinif the seams of coal. At one time it was held by the ad vi nnCt ^ 
of the Hubmercfence tlieory (see Kccapitulation), that every sr.v.n 
of coal had its under-clay, or soil-be<l, on which the vegetati. : 
had grown and decayed ; l>ut this, like many other hasty g ii. ■ 
ralisations, is far from being correct — some coal-seams resiiii.- 
hard on sandstone, and othei-s immediately on calcareous beds, , r 
even on other seams of coal. 

In treating tlu', lithology of the eoal-nu'asnres, we imi-' 
also remind the student how desirable it is to abide by sciciitit ' 
and intcdligibh; terms, and to avoid the use of local and j)i‘o\ iui d,' 
names that cannot be umh'rstood beyond the limits of tlicdistri • 
in which they are a])j)lied. ( 'lay, shale, coal, ironstone, limestnnc, 
and sandstone, are well-known rocks, and any admixture of llmu 
«in be readily (h'scrils'd Vty a comjMumd term expressive of lli ■ 
peculiar composition in <niestion. Thus, a “ ferruginous clay.’:; 
“ c;i,i('areous shale,” a “bitumino calcareous shah',” or an ‘^argill • 
calcareous sandstone,” are design, ations which at once suggest t!i 
])eculiar nature of the stratum; whereas the “ faikes,” aiii 
“bIai/.(‘,” and “skint” of one coal-field— the “chinch,” ;ini 
“dogger,” and “ cat’s- he.ads” of a .second — or the “ bratt,” .'O; i 
“breeze,” and “])cldon” of a third— , are terms which n'lpiir' 
(ixplanatiou at every step, and, after all, are wanting in that piv- 
cision which the advancenumt of science most im])eratively 'ir 
mand.s. How worthless, thereibn', are mo.st of the ,';< (■/' ;iiil 
joHrmtls of honfuin occasionally published in ollicial memoir'. 
Jind continually supplied by men professing to bi* mining eiigiiit ii' 
and coal-viewers! The truth is, for the ])urposes of scieiitii'’ 
generalisation, nine-tenths of such sections are not oidy worthf ". 
but. being calculated to nii.slead, arc ])ositively detrimental. 

lt)7. The organic remains of the (’oal-rneasures jiropiu’, thoii_'!: 
exhihiting many feiitures in common with the grou|)s aliarel; 
described, are still, as a whole, peculiarly well-tletined. ..^\s nr 
estuary or fresh- water deposit, many of th(> beds contain slu'lN 
■Kulo^ (itKHloUy viixfiola, &c. (the “ mus.sel-bands.” or “ mu^^' 1- 
Innds,” of the miner), fishea, and other brack i.sh-wati*r exuvim. A 
few encrinites and deep-sea bi'achiopods appear in certain ex<‘r]> 
tional bed.s of lime.stone, but otherwise marine lypt's are suboidi' 
nated, .and estu.ary ones prevail. The fishes are chietly of lai’i' 
size, and of sauroid chanacter {mi’iia/ir/ifhtf.'i, rhl’.oihis) ; in sevi ne 
fields --Germany, Belgium, Nova Scotia, and Britain — we hav’ 
evidence of terrestrial life in the skeletons of certain batrachiau- 
like reptiles {airfutyosaunu, dtndrerpdm, and parabatnichu^'^; < 
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^,,1 nioiv recently land-sliellji (pupa), an.l remains of iiiso'‘ts ri)i]>a- 
iviitlv allied to the coek-roach, beetle, and <;rass]i(v]>ner taiinli. s 
nm\ ;/rpl/nrris),\\ii\i‘ be.-n a<lded t(» tlie 
iriilK.iiiferons fauna. The grand feature of the i)erio<l. lioweviT, 
i- the abundant and gi;,uuitie flora, eoniprising hiuubvds et t.u’ins 
wliieh have now only distant rejiresent; dives in tnipieal swanijis 
Mill jiiiiLth'S. Arauearinu-like })ines, jialins. tree-lerns. pi:an1ie 
nviK equisetuins, elub-mosses, and other kindo'd tonus, erowd 
, vn v bed of shale, cuter into many of the sandstones, and eonsti- 
oite thick seams of coal. Of the more eharaeteristie of these fonns 





’'O' inav notice the sb/j/ArWu a seal.', so called Irom the 

■■al-like impressions’.. n its trunk ; the sfipoKirHi I"""'- 

tiue. from the dotted ..r punelured aj.i.earanee ol ds hark, .on 

i-w a-seertained to be the ro.ds ..f sioillaria ; the l> pi, /»</'■, uh 'ot 
/OS, a seal e. and dciulniti, tree i honi the sealv .'Xh'iioi '• • ^ 
hi'rk; hpn/ostrohns {strulAhis, a cone . suppo..'d to bo he Inid- 
'■ 111- of the lepidodendr..n ; odnnnhs ri,/,nu».<, a re. d,, troiu t ie 
tved-like joiidinos of its stem ; gs/ro//, a stai , ,oid 

/ ’"lll'ui, a leaf;, trom the slardike uh-.rls ot ds lea\.g , p'," 
'a.iu their pine-like atlinities; r<,rpohJ/ii.< ^irpnii t..s. 1 

:ruits ; inipnwcarpon (three-eornere.l truit] ; l.o(f,rn,li nil m,,, ]. i- 
hd Sion. ;■ M'udi nilri.u, 

■a.'uiv other stems, leaves, and truits. In l.aet, the ni.ijo } 
da-o veiretable orwinisnis are named from some i.eenliaid.v 
inn, tl, "ablest botanists beinoyot unable b. f "“c” 

existiim genera. Nm- is this .leh-et o th r 

''ondered at, considering the ditlieulties attending ^ ^ 

'■^tion of living forms of vegetation, and the ( ou > s 
Necessarily hang over such obscure and impel feet ia„ e 
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present themselves to the paheophytologist. Still, the st.v 
of Fossil Botany is hy no means crcilitablc to the science nf th 
age, and lags far behind its sister department of Fossil Zdh], j. 



Of the h'rn-like impressions —so abundant in the shales, :iiii 
which must meet the eye of the stmhmt in almost every fra-' 
inent he splits -the following may be taken as typical foriih. 
sp/i( iiopteriK, or wi'dgedeaf {sphen, a wedge, and pUron, m win:, 
from the wedge shape of its h'aves ; jx’coplei'is^ or . coiiih-K a: 
(/)c/iV)x, a comb); muropUrU, or nerve-leaf; ci/rlophri^ (c//' / ■. 
a circle), or round leaf; or tooth-leaf ; olojift 

ear-leaf ; and so on with many similar forms. 

li)8. Whatever the botanical families to which these oxtiii'' 
vegetaldcs belong, they now for the most part constitute ) 
seams of coal - coal being a mass of com])ressed. altered, ai ': 
mineralised vegetation, just as sandstone is consolidated saini. ' 
.shale consolidated mud. By what chemical processes this chnn:' 
lias been brought .about, we need not minutely inquire ; but V’ 
see in j)eat and in lignite the progressive steps to such a mincin:- 
Lsation ; and when tliin slices of coal are sulqected to tin- mii’r - 
scope (as was originally done by Witham and Nicol, and now 
adminddy by Mr A. Bryson of EdinburglO, its organic structnn 
is often as distinctly displayed as the cells and fibres in a piece ■ ‘ 
timber. Of the amount of vegetation required to form not cmiIv 
one seam, but forty or fifty seams, which often succeed each otli' !’ 
in coal-fields, we can form no adcipiate conce})tion, any more tli:c 
we can caleidate the time required for their growth and cmisei - 
dation. This only we know, as will be more fully adverted t j 
in the Becapitulation, that conditions of soil and moisture aid 
climate must have been exceedingly favourable ; that over a laru''^ 
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...n-tion of the glohe sueli conditions then ]>n‘vailcd ; and that 
‘ hy the drift of ^Mgantic rivers, and jtartly i-y tlie sucerssive 
: iVin'ergeuces of forestsjiingles, and peat-swamps, the vegetahK' 
lilt ter ""was accuiuulated which now constitutes our valuable 
.scaius ot coal. 


(Jco^rraphical and Indvistrial Features. 

1')') The g(‘Ographical area occupied hy the ( arhoiiilerous sys- 
in one or oilier of its groups, is pretty extensive, thougli .uir 
workable coal tields are for th.‘ most j.art Ihuiid in limited and 
,i,.taehe(l “basins.” The system is very tyi.ieally <lev*'loped in vai i- 
Hi. pn-ts of the British Islands, and to this cireumstaiiee is mainly 
owiii- our oreatness as a nation the f.rniation l.eing rieh in 
. ablmu. and lime, three mineral ]*roduets most essseiitial to 
,,vilised existence. Available eoal-lields <arur in the ivnU-al 
!■ mnlies of Scotland, in the northern and middle districts ot biig- 
hnb in Wales, and in Irelaml ; they occur also m 'hsti icts 

.t'Snain, in central France, (lerniany. and in midille hnrope ; iii 
llindesiaii, in Australia, and New Zealand; in the islands o 
batavia and Labnan, and along the eastern coasts o| ( hma ; "H 

of Chili and Beni; in some ot the J’aeitie islamis , in 

til.' Isllinius of Banania; in Melville Island and Nnva N-nlia; 
airl enveriiig an aggregate, area of iimre than CotMKid .s.piare miles 
ill llic ITiitcd States ol Anu'rica. _ . i. 

'Joii. During the whole of tin* carboiiiterous epocli \\e i,i\< 

;uiinle evidence of igneous activity. In Hie lower e<,a bnieaMiivs 
We have iVeiiuent intenstratilications ol trap tnl! .and .o i, am 
llie.H- become more abundant in eoiineetmn with the nimintai i 
limestone. Subseuuent to the deposition ol the s\.-ti in. i o ' ms 
to have been shattere.1 and broken nj. by tho^e loiyes which ele- 
v.ited the traiidiills of the mountain limestone, ami gaM' lumi m 
the mnnerous ba.saltic crags and cmieal heights ol onr coal- m ios. 
The trails are chietlv aiigitie, and consist ol l.asalU greenstones, 

fiiiikstones, ,Tavsl(iiies,Dmp-l>recci.as, trap-tnlls,.aml eartti\ am}g 

•laloids. The upheavals and convulsions ol 

m-eatlv dislocated the .strata, and nm.st ol our co.d- ield.-> y.Ui nt 

!!'a|i-dvk.'s, faults, and lis.sures. in gre.at e(.mi)leM N cm a * 

'l.niee.* To this intensity of igneous a<-t ion must also be attn ) ^ 

the f.ct that many of tlic eoabtrajis eontain a notable I"''';';’' 

‘ f bituminous matter, yielding to analysis iioiii ••> o •> . 

1-r cent. Not only do many of them retain pirt ions <4 the hi n- 
ni.-n eanght up duling their original ‘ ' D 

Imt in tlmir ehinks and tissures, as w.dl as m w ^ ■ 

"lel, tl.oy IKUss, .lo we lin.l n.-sts ot ,iitel, aiel glg'l ■ g S 
1" troliuni sprin!;.‘i are not milre'inerit m tlie "gy 

trieis ot\,urmalSieiaa (l)erl,y,Glou,v.stenaiia MO-Lgl 

isi-q.t the liills of the iiionnlaiu limc.stonc, some of tlie , 
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crafts and cones, and now and then a glen of erosion cut 
the softer strata of the system, the scenery of coal districts iv 
the whole rather tame and unpicturesque. The soil, ton, in 
ral derived from the shales and clays beneath, is otteii cuM :ii; ; 
retentive, and requires all the skill and appliances of moilir:, 
agriculture to render it ni(«lerately ft*rtile. These draw hirk-, 
hovvever, are more than compensated for by the value cf tl. 
minei-al tr(;a,sures beneath. * 

201. Tlie industrial importance of the carboniferous system ■ m 
only be adc(]uatvly ajqjreeiatcd in a country lik(! llriiain. wl,i > 
owes mainly to it the proud mechanical an<l inanutactm 
position she now (aijoys. Jliii/tlin;/ stone of the finest (|ualil \ :■ 
obtained from the sandstones of the lower groups (Milinhiir.'!: 
Fife, (Jlasgow, and Newcastle) ; liiths/oties for mortar, hydraiu, 
cement, iron - smelting, agricidtural and other ]mrposcs, ap 
(piarried from the middle grouj) ; and mnrh/es of not indillco i ' 
beauty (I ferltyshire, Kilkenny, «!v:c.) are ilerived fi-om the -aii;. 
set of strata - the i<»ints ami st.alks <»f encrinites, the star-l I: 
pores of the corals, and sections of shells, shining out fi’cm iV 
<larker matrix in which they are imbedded, /ron-sto/n, Ih.i'i 
black-b.'ind and clay carbonate, is mined in almost every cut!- 
field, and constitutes almost the soh‘ supply of this metal inth i e 
Britain ; fire-ela// for bricks, tiles, ])ipes, and other uses, is cxi' a 
sively raistal from m.any coal-workings ; oefny, (hydrated oxiilc i 
iron) is obtained in several localities; is largely pn pm' i 

from some of the shales, as near (llasgow and in (Jerniany ; ;iii i 
co/<ye AOS or green sulphate of iron is manufactured from siimbr 
jiyritous clay-shales. Our sole supply of eon/, in this cmiiilr 
(amounting to more than llMKH ).(»()() tons annu.ally for home c":; 
sunn)tion and ex]»ort) is |)roeured fiauu this .system, which, il v 
except a few oolitic coal-tields and tertiary lignites, is alsn tl 
main repository of this valu.able mimu'al in other regions ot tl 
globe, retro/etun and n.^p/in/f an* also products of the systi i 
though substances of this mature (n.aphtha, jtaralliue, (‘o.al-tar. 
ai't^ obtained chielly by <listiIl;ition of oin^ or other ot tin* \ arii t!' ' 
of co.al. The mountain limestone is also in this country the chi ' 
i'e|)Ository of the ores of Avo/, and ((itftmoiii/, and mucli ' : 
this lead-ore contains an availabh* jx'r-eent.age o( si/ver. On h. 
whole, the carboniferous system is decidedly the most vaUril'l 
.and most important to man ; and when we name the prim ipi 
coal-fields of Britain, we point at the same instant to the busic' 
centres of our manutacturing and mechanical industry. 
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NOTE, RECAPlTUIiATORY AND EXPLANATORY. 

202. Tho strata we have now descrihcd constitute a wrli'inarktd 
peculiar system, Ivinii; hetween tlie.old red sandsteiie lieiicadi, 
ami the new red sandstone above. Their most striking' peculiarity 
i.- t1u‘ profusion of fossil ve,o»‘tation, whieii marks le.ss or more 
almost everv stratum, and which in numerous inst.ince.s t',n-ms 
thick seams of solhl coal. It is to this exulierauci- of vem'latioii 
that the .system owes its name rarl»iii heiie.^ the main solid elc- 
iiifut of plants and coal. Although this coaly or earhonacroiis 
.'i.-pri't prevails throuohovit tluMvliole, it hasheeii toiiiul convciiiont. 
to arrange tlie system into three gronjis tln^ howor Coal-me.a- 
sinvs or Carboniferous Sl.atc.s, tin; Mount.ain or Cai'boniterous 
hiiiiestone, and the lTj)per or 'I'rne. (foal-iueasiin'S ; or more 
iiiimUely, as is Generally done Iw llritisli oeolooisls, into 

1. Upper Uoal-inoasures. 

2. MillstonotJrit. 

:t. Mountain laiiiC'Diuo ; :in<l, 

4. Lower Uoal-moa^ure.s 

Ollier subdivisions have ])een attemjded ms'ordin,!^ to llu' local 
piculiarities of ditferent co.al-tields ; but it is enough h't' pur- 
]io.ses of the oeneral stmloiit to know, th.at all tlm-o miiior^ 
arrauo'enu'nts can in; readily eo-ord in; i ted with one or other ot 
tic aiiove four series. Thus Mr tlrillilhs, in his (nolnija'dl .I/oy/ 
'</ 1 1 'rhiiitl, o-ivus the anne.ved subdivisions; 

n. ( 'o;il-moa«iros, upper iiml lower, 

U Millstone Urii, . . • • 

r, Mimutahi Limeslono, upper, middle, and 
lower, . . . • • 

»/, Uavboiiiferous Slate, 
t . YrlloW Sandstones (of Mayo, &e.), wit h 
sluile,s and limestones. 

Now, here there is this little dilliculty in eo-..rdinatin,o, .as wi; 
have tirst the usual luemhers of the sy.stem o, A, e, .and 'L .'iiid a 
^'uhjacent series, which lies fairly optui to the ipiestioii whother it 
is i ppier l)evoni:in or Carhonitenuis. In tin* nn-an timo. tlie 
maiority of evidence inclines to the iormcr <ipinioii ; and that 
these soacalled ‘Cyellowdaeds” are the true .Miuivaleiits of the 
Dura-Den series, which is rich in /o.A,/.L/c/oh/.s, ///a-o'/UAys and 
udi.T Devonian fossils. Aoain, the carhoniferotis .strata of t he 
of England (on the Avon, near Hristoly are given in the 
Snn’t i/s Mciiiinrs as consisting ot 

(I. Millstono (h-it— here mostly a hard reddish RTit- 
st<uie, tho grains often almost confluent, as in 
what arc willed quartzites .-md ipiartz-rock.s, yoO t'-i, . 

1 . Alternations of LimesUme, red or grey, compact or 


lUUi) to 2200 Iih: 
O.C) ,, ISOt) ,, 

1200 ,, dtoo ,, 
7oO ,, 1200 

40(1 ,, 2 oo(l ,, 
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granular, with slialos, red, dark, or grey, and 
Handstoiies. Most of the stratii fossiliferous, and 
Uroflucta gigautoa ahundant near the base, 400 feet. 

C. Bear Ijitnestonos — grey, red<lisli, mottled, brown, 
and black ; coaijiact, shelly, crinoidal, and 
oolitic, in beds varying in thickness, and partially 
divided I )y shales, .... 1110 ,, 

</. Lower Series, ciu-losing many alternations of lime- 
stijiies and shales, tho former often blai;k, brown, 
yellowish, sometimes impure, an<l in one part 
charged with tish-remains and cyprides in abun- 
dance, ..... 500 ,, 

'Pho uiiper part of tho Old Red shows yellow and grey sandsti iie- 
and marls. 

Ill this case tlierc can be no dilbciilty in at once assigning 5 rni ! 
c to tlio great series of tlu‘ Mountain liiniestono ; while i{ 
evidently the ecpiivalent of the “Lower ('<*al-ineasures ’’ of Srni- 
land, with a few of its beds graduating, it maybe, into tlie y<llo\\ 
sandstones of the underlying hevoniaii. In Fifeshiro, uii tlir 
other liand, wo liave — 

(I. True Coal-measures —consisting of numerous alter- 
nations of eoal, shales, sandstones, ironstones, 
and occasional IxmIs of impure limestone, . 2500 feel. 

h. Several strabi of erinoidal and prod\icLus limesbtm', 
with iiitcrvening beds of shale, s;uidstones, and 
thin seams of coal, .... ISO ,, 
c. A vast thickness of whitish fine-grained samlstones, 
bituminous shales, a few thin scams of coal, 
mussel -bands or sliell-limestonu, and freshwater- 
limostoiies abounding in cyprides, . . 1500 ,, 

In tliis instaneo there i^^ no develojnnent of millstone grit tliv 
whole system resolving itself, as it does in many otlier regions, 
into lljiiier Coal, .Mountain fiimestone, anil Lower Coid. In 
Nova Seotia, again, we have in the lower series a vast develop- 
ment of gyjiseous beds, which look .somewliat pu/,/,ling at tii't 
sight to an Lnglisli geologist ; but wliieb, when taken in eoniirc- 
tion with the a~ssoei;ited shales and coals and fossils, admit i t 
easy eo-ordi nation on the large se;ile with tlie m:dn siil)di\ i.sio!i> 
estaVilislied by British geology. How far these subdivisions iimy 
indieat e great life-periods, or only portions of one great epoch, h:is 
yet to be determined by a more minute and rigorous comparis"n 
both of vegetable and animal s|)ecies — a task that has liitherto 
been neglected for the lighter labour of popular description ami 
attractive geiieralis;ition. 

203, liooking, in the mean time, at the whole succession ami 
altorn.'itions of the strata— the sandstones, clays, shales, lime- 
stones, ironstones, and coal — and noting their peculiar fossils- 
the estuary character of the shells and fislies of tlie lower and 
upjier groups, and tlie marine character of the corals, encrinites, 
shells, and fishes of the middle group, with an excess of ter- 
rastrial vegetation throughout — we are reminded of conditions 
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-,-vor before or since exlii1)iU'(l on our Ljlolte. Tin' freiinmit 
:ilt. rii;itioiis of strata, and the j'reat extent ..f our coal-tields, 
.iiTeate the existence of vast estuaries ami iiilaml seas, .)f 
lie rivers ami periodical inundations; the nunierous eoal'^.'iins 
:,u<\ bituininous shales clearly bes|»eak conditions of soil, nioislure, 
Mel warmth favourable to an exuberatit vem-tation. and ])oiiit 
jiirtly to vegetable drift, and |)artly to stibinergoil forests, (o 
li.ai^swamps and jungle growth; the mountain limestone, with 
;;s marine remains, reminds us of low tropie.al islands fringed with 
(••^ral reefs, and lagoons thronged with slielbtish and tisln s; the 
(■\isteiiee of reptiles and insects tells us of air. and snidiglit, and 
river-banks ; the vast geographical extent of tlie svstein bears 
.videiiee of :i more etpiable elim.ate over a large portion of the 
earth’s surface; while the interst ratilit'd trap-tntfs. the ba^dtie 
eiitlmrsls, and the numerous faults and tissure.s. testifv to a j^criod 
"f intense igneous activity -to repeated upheavals of sea-bottom 
and snliiiiergemms ol dry land. All this is so clearly imlieated to 
the invi'st igator of the carboniferous system, that he feels as eoii- 
viaeed of their occurreuee as if he had stood on the river-bank of 
dll' jteriod, and seen the mndtly current, roll down its bnrilen of 
Vegetable drift; threaded the (diannels of the estii ai’V, gloomy 
with the gigantic growth of swain]» and jungle ; or sailed over the 
'hallow wtiters <if its .aiadiiptdagie stmlded with reef fringed voi- 
' iiiie islands, and dip[)ed his oar into the forests of enerinites that 
Waved lieh.tw, 

lint. The natural conditions under whi(‘h lln' syslem was foi’iiied 
are Hot more wonderful, liowever, lhan tlm economical iiuporl- 
aiii'e ot' its ju’oduets. Ihiilding-stone, limestone, marlilo, lire clay, 
ahiiii, eoj)peras, lead, zinc, silver, and. above .all, iron and eo.il.are 
principal treasures -eonferring new wealth and eomfort on the 
''"'iiitry tltat po.sse.sses them, and giving a fresh am) pejaiianent 
iiiip'-lus to its industry and civilisation. Iiideed.it is se.areely 
advancing too much, wlten we assert that (*oal and iron are indl.s- 
S"‘Usal)le to the development and ju'ogress of modern eivilisalion ; 
cid that reference to tin; “ coal-tields” of ;i geologi<'al map is 
■diiiost tantamount to an exju'essiim of pojmlation, imlustry, and 
'iiecliauieal Hehiev'cmcnt. 


F'Wination of foal. 

With regard to tlie formation of coal, geologi.sis are by no 
"leans fully agrci'd, nor do the facts of the seit-jiee Vfi warrant a 
d igiiiatie decision, Some twenty or thirty years ago, the subji'ct 
"ys a favourite one with writers on geology, the most positive 
'I' Ws being geiierallv juit forward hy those who had tin; I'-ast 
I'l’iietieal accpiahitance with the subject. Ou examining sandstone 
"" •shale, it is easy to perceive, from their texture ami cornpo-^itioM, 
tliat tliey must at one time have been respectively loose sand and 
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mud, borne down by, and deposited from, water; but tlu; case > 
somewhat different witli beds of coal, Tliis mineral beiiiif eliidU 
composed of carbon, hydrogen, and oxygen -tlie same eleiiii ii’, 
(tliougli differing in proportion) which enter into the compositii 
of plants -and revealing in its mass evidence of vegetable sti n -- 
ture, no doubt is entertained of its organi<! origin. But wie tli. r 
the plants of which it is composed were drifted down by riv. iv, 
and deposited along with layers of mud and saiul in estieifi 
orwhetlier dense forests and })eat-mosses were submerged, and tin n 
overlaid by <leposits of sand and mud, are the two main i[Uestiiiii- 
at issue. According to the latter hypothesis, the vegetable inniti r 
must have grown .and accumulated in dense jungles ami pt .it 
mosses for many years ; then the land must luivc sunk an! 
become the b.asin of a lake or estuary, into which rivers ('aiiir l 
mud and satid ; these, covering the vegetable matter, graihiallv 
consolidafed into shales and stindstones, Avhilc the vtgetaiii 
matter itself underwent tlui processes of bitnininisation ana 
mineralis;ition, and was convert e(l into coal. This being dcm . a 
is su]i[)osed that tin; area of de|>osit was again elevated sa) a.N i > 
become once more tin; scene of luxuriant vegetation ; again siit- 
inerg(‘d and overlaid by new de])osits of sandstone and slial' -, 
once mon! ehivated ami <'overed with plants, and then subniei-grtj ; 
and this alternating process of sulunergence and eh'vation is pi'- 
sinned to have taken place as often as then' are beds of coal i' 
any ])articular coal-field. 'I'lie otlu'r hypothesis is, that wliik 
partial elevations and submersions of the laml might have tak' U 
})lace, as at the present day, and jungles and yieat-mosses luru 
thereby thrown beneath tlie waters, tlie great masses of the eeal- 
rneasures were deposited as ((rift and si/f in hakes and estu- 
aries ; that th(! vegetable matter of which coal is composed \v:i' 
carried into these estuaries by rivei-s and inundations ; and tli;ii 
various rivers might discharge themselves into om; ('stuary, -smi ■' 
chii'tly carrying down sand, while others transported plants, imi l. 
and heterogeneous ilebris. This hy|)oth<^sis also supposes that tli ■ 
transporting rivei-s were subject (like the Nile, (langes, ike, i ' 
periiulical inundations, and that during the intervals of ovi rtlow 
the deltas were choked with a rank growth of vegetation, whii lu 
in conjunction with the vegetable drift from inland, went to tlu 
formation of beds of coal. 

20(!. Such are the txvo prevalent hypotheses that have bt l U 
advanced to account for the origin of coal, and which are soiii' - 
times known as the “peat-moss” and “drift” theories. Lik' 
most other delated ])oints in science, the di,sputants have oarriid 
their respective notions a little too far, and relieil too exelui'ivrl> 
on what may have been their own local and limited observatiiui'. 
The fact is, there is truth in ladh, and both must be called 
play to account for w'ell-knowTi appearances in almost every coal' 
field. In inventing hyjiotheses, our first appeal should be to ex- 
isting nature ; and there we find both peat-moss, and forest aid 
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the drift of rivers, and tlie silt of hikes and estuaries. 
Siil)iiU‘r;L,'ed peat-mosses and forests are just as likely t«i oi-eur iu 
ilie course of nature’s operations, as the drilu-d rafts (.f l ivi-rs, er 
the periodical inundations of trojiieal deltas ; and it is .-nlv hy 
.alliiio in the .aid of l)Otli hypotheses that we can possibly arrive 
Ht any satisfactory conclusion. Ilelyino en the fnrnier theory 
afiin.a submergence and elevation must have taloii place for every 
of coal ; ainl as in some iields as many as sixty seams i>eenr, 
varvitig in thickness from a few inches to 4. (I. s. to. lit. and 'JO 
f et. it is impossible to conceive how the earth, in this unstable 
euiiditlon, could htive nourished such a. prolific Flora as the coal- 
iiicasiircs clearly demonstrate. It is also (•bjecleil to this tlcory, 
iliat some thick beds of co.al are subdividetl by lasers er “part- 
iui/s’’ of sandstone! or shale, :i. fact that wtmld imply sevrral 
I'levations ami submergences during the formation ot a single 
i-iiabbed ; whereas, by the latter hyjiolhesis. those lavi-rs ol sand- 
stiiiie. ikc, ]>resent notlitliculty, as the river, while it bore down 
vegetable drift, wouhl carry, at the same time, samI and ittln r 
dibris. Further, shells, fishes, and eoprolites, are freipimtly im- 
ln'iMed in coal ; and it is dillieiilt to conceive how these could 
lia\e got th(‘re, unless in the ordinary way of deposit and seili- 
nii'iit. Forests of conifene, jialms, ami tree-leiais. I'ould imt have 
birii so freipnaitly and lran(|uilly submerged without the trunks 
iM iiig more abundantly found in an upright ami gnoving p'l^ition - 
a position only occurring in certain strata, and over comparatively 
liiiiiteil areas. Again, h.ad <‘oal n'Milted from sulimerg(‘d ])eat 
mosses alone, there is no niode<t| .accounting tor the oceitrrema! ot 
sliclls, tishes, and layers of sandstone in its m.ass. lly calling in 
tlu' aid of both hypdthese.s, all these dilliculties disappear ; and we 
siv, in some thick and ])ure beds (d‘ co.al the remains ot .a sulancrgeil 
p 'at-inoss ; in others, the matted masses of drill veget.ation, eir 
closing shells and tish-bones ; in some, the njiright trunks ami 
accumulated foliage of gigantic forests ; wliile lieds ol^ im]aire co.al 
cr hitnininons shale hes])eak the prepioudcrama* ot mmidy sill 
among tlie drifted vegetation tliat slowly de<‘.ayeil amldroptto 
tlie lioitoiu of the estuary of deposit. In line, no one can look at 
the IVetpient alternations of coal, ironstone, limestone, sand'loiie, 
i'helldimcstone, tire-cl:iy, shale so arglll.aeeons as to bi; little else 
than consolidated mud, .ami shale so highly hitnmimuis .as to In’ 
nearly as intlamm.able as Coal, but must set; ,at oiiee tin* varying 
ageiieies of rivei’S, lakes, anil estuarie.s ; ot iiinndatiorisaiid snbmei- 
gciicfs ; of elevaat ions into dry forest and jungle growth, ami anon 
iic]iression beneath tlie waiters ot deposit. We have thus ,a 
Variety of .agencies at work, but agencies which still find their 
nu.'dogufes iu existing nature ; .and wdieii the student is remimled of 
the rafts of the Mississipjii, the pine-barrens and ced.ar-swamps ot 
America, tlie peat-mosses of Eurojie, the m.aiigrove jungles ol t a; 
^dger, the low shifting miidb.anks and i.slands oi the (lariges, the 
far-stretching sandy sliores of Holland and Demuiirk, ami tlie 
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mimerons coral-reefs and lagoons of the South Pacific, he can li.-av 
little dilliculty in forming some conception of the .shallow s, 
estuaries, and submerged are:us in which the sandstones, , 
shell-limestones, and coal-beds of the carboniferous system Wrr. 
deposited. 

207. There is still this difiiculty, however, and one whieli li.i,- 
given rise to a vast amount of ingenious .specul.ation and im|iii>- 
bable hypothesis, viz., the a])paretit sameness of external n )?!,!,. 
tions over such extensive areas of the earth as are oceu[)ied b\ nur 
known coal-fields. The same gigantic coniferous and tilicoid plaiCr 
are found alike in the coal-tieids of Pritain, yVmerica, ^b'lvill. 
Island, ami Australia regions at once tro]>ical, temperatr. ai;,’; 
areti(a To account for this luxuriance and homogeneity of vi'.'i'- 
table growth, the e.arth’s central heat, a larger per-centagi' of c;,!- 
bonic acid in the atm<»sphere, the ])lanetary sy.stein imiNin: 
through warnuir regions of sj>ace, and the like, have been varioiiMy 
suggesU'd. Before having recourse, however, to such abiKniiu' 
(!onditions, science shtudd lii-st exhaust the causes and agencies i i 
existing nature, ami know something more of the real charact'P 
of tlie ])la,nts whose mass lias contributed to the fuanatioii ol c" iL 
(iigantic conifcive and tree-ferns do not necessarily imply tiojiii i’i 
coiiditionsof temperature ; tin* climate under which the Icpidndcn- 
dron, sigillaria, .and other ])l:ints of unknown affinities flourisluMl, 
seems to have bemi more limnid and e<[uable than tropical : tli' 
peat-mosses of Europe accumulate under tem])crate comlifioio ; 
and physical geogra)thy lias not yet told, with anything like (vr- 
tainty, the clim.atic results .attending ditlbrent distributions of -i:. 
ami l;iml, with lower .altitudes of islands .and continents, ami dii- 
ferent oceardc currents concentrating thereon their incessaiil sup' 
plies of genial heat and moisture. Till all this is iH'tter kimwii. 
it wi'i't' more jdiilosophical merely to describe and clu-oniclc tli 
facts, than to outrage the laws of nature by ap))c,als to the abiior 
mal and maryellou.s, 

208. 'riic limits of an elementary tro.atise necessarily restrict our 
remarks to the more ])rominent features of the .science; be' 
enough, W'e jiresume, has been indicatcil to convince the slndi u* 
that, whether in its j)ractic.al or theoretie.al bearings, the carboni- 
ferous system is one of the most interesting and important. 1" 
thos(^ wiio wish for further details, we m.av mention the. instrui' 
tive monographs which have appeared from time to time in tic 
Ju‘ports of the lin'tlfih Association, in the Jlcnanrs of the (ieoloiii'' '' 
;bV/a'(’y, and in t\w JtccorJs of the School of Mines; various able 
papers on local coal-fields in the Trans<(ctions of the (Jeo/oai '''\ 
Socicti/, in the American Jonnial of Science, the Transaction^ •[' 
the Toi/al Sociefi/ of Jfdinbnrifh, ami oi t\\G Mata ra I Jhst"!': 
Societi/ of .W/rf'u.sY/c, as wella.s several jirize essays of merit in tlu- 
Transactions e)f the JUifhiand and Acfrieidtnnd Societij of 
land. Forthe lloni of the system, the works of Lindlcy and Hutton. 
Dr Hooker in Memoirs of Geological Survey, K. Brogniart, Cop- 
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pert, Sternberg, Endlicher, Bniiker, V. ^[eyer, and Tleaiulant, may 
iv consulted with advantage ; while Miim-al ( ’oiic/iu- 

/,»/;/, Parkinsons Onjaiilc A’mu/n.'*, the (he (I'lokh/inil 

y/;yr''V, tlie monographs of the PalaDiitoiirnphira! and 

.h/o.viV Fossil /'V.'t/o'.s will furnish meirly all tliat is yet known 
oftlie Fauna of the period. Mucli vahialile information will also 
he found in Willimns Mim rol /\iin/(l<>in (a work of sonu? datt'’' ; 
ia Maws(ui’s Arodian in d’aylor’s UiMoi ij mid Slii(ls(iri< 

i) i ; ill rrofessor Johnston’s Kroioiiiui of o ('mtl Piild ; and 

ii] the more popular pages of the little work, Onr Void-Puhls 
Olid our (jKil-Pds. 



XIII. 


THE TEUMIAN SV.'^TEM, EMBRACINCJ THE MAGNESIAN MMESTmM- 
AND LOWER NEW RED SANDSTONE, 


209 . r^MEDiATELY nl)oV(‘ llu^ (*oal-iiie;isuE(‘S— ill soiin' iiiv|:in/ . 
lyiiiLf iinc(in{onn:il)ly, :ui<l in ntlicrs iiiseiisilily (^n'ailnat ln;r ir. ; i 
llu'.ni OEcurs a sc( of i-i'il samlsliua-s and jadilily rDiinloiiicf.ii' , 
yellowisli nia,;^nu‘sian linicstoncs, an<l varioy:at('d sliah's and ni.ii!-, 
onrlusinii; irrcunlar masses »>!’ l■<u•k■sall and gypsum. '1'" tl ' 
scries of strata., as nioi’c csjtccially dcvclojK‘d in Eii^’laiid. i! 
wirlitM' ya'olojrists applied tlie term Xcii’ /t<<( S^tih/shun , in e 
tradislinetion to the old red sandstone system, wliieli wc h i'. 
alrea,dy d(*seril)ed as lyim^ beneath the eai;]»onift;n»ns ldnii:ir;' 
d’hoinyh the sandstones ari' not all ri'd, nor the linu'stciie' il 
only imiL^nesian limestones in the ernst. of the eartli, still mldid; 
hues prevail tlironydn'ut tlie sandstoiu-s and shales as deve!(i|i' i 
in the Pritish lslantls,and the eah'aia'oiis heilsare certainly in' i' 
eminently magnesian than any others with which we ao' 
(piainted ; henct' tlu' necessity (»f retaiinnii:. less or nmrt'. 'b 
terms “new red sandstom^” and “mavniesian limestone" in if" 
nomenclature of ^woh'yw. .\t one time the terms PnikHitn' / 
/•//os, variegated : and Sof if, r(ni.'< (salt-yieldiiiLf were apjilieil ' • 
the system ; but the t’aet that variei^ated marls abinnid in the ei ! 
real, and that salt is found in several other .sy.stems, has I'ender' i 
thes(' desii;nal ions .all but obsolete. l\lore recentlv it has 1'":; 
])ro]iosed to divide these lU'w reil sandstones, magnesian lici - 
stones, and s.aliferous marls into two distinct systems, tin /' /- 
and the Triii.<sir the former embryciny^ the lowernieinhi i', 
which are largely and typically develojted in the yntvernnieiil ' ' 
I’erin, in Ivussia ; and the latter eomprisiny the u])]H'r meinl" 
known as the “Trias,” or tri])h! yrotij), in (ireriuany. The r :e 
sons for this new arrangement are, that the fossils of the iii''- 
nesian limestone .and lower red sandstones seem more el" ' i ■ 
allied to lho.se of the eo.al-mea.su res beneath, than to those of if* 
varie!.,^ated .sandstones and saliferous marls above ; in otlna- \\ orih. 
pre.seiit a /;nAf/<:o/c a.spect ; while those of the upper .sand.^tiucs 
aiul marjs are dochledly nirsnytic. Such new divisions and ai- 
rangemeuts must ever be expected in a j>rogressive science lik- 
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•,v,lo<fv, rind more enpeciiilly simv, Ity associati'il ni-gaiiir iornis, 
^ great nml imt ly iucit miiunil 

! -riv^itions, the history of the glohe is to he iiu-asiiivil and 

'' -yir To render the new arrangements more intelliglhle. let ns 
, innose, with Trofessor riiillips. all the red san.l>(mir.. mat h, and 
Trii,.>lan limestones, hitln-rtii known in England :is -Tli.' Ni \v 
Sandstone,” to he ])resi‘nt in one seetioii. We >hould then 
Live, reposing uneonformahly on the eo.d strata, the tollowing 
Lihulation, beginning from above : 


!>. Vai'it 
nd wliil 


j rnrple-eelnnivi] marls helow tli<' li t-. 
AUiTnatiitlis ef re<l and liluidi whii 
. 1 with lavt r.s ami m’(hd< s <•! ; 

'i, Tliin laversnfaiLdlltt ealeancn- sitaie 
Ur.l and finish marls, witli ;•\l.^um . 
1 ol'r.tek salt. 

h’ed ami white saml'titiie, in"-tl\ till' 

nei^aletl led j impreeaialed with s'h. 

■' Ke.l eei.;d..merate, hill et I'ehl.l. - 


4. Series nt’ eel 
ra ed marls. 


ml 1 m d- 
■raiiied, 
Ml' eldt r 


f la-il ami white marls. 

' Tliindte.lthd enmi.aet llnmstt.im, 
little imeriiesia. ami h a Mive.ine 
I had ami whit.- marl- and ■■vi.-nin 
Majmesitinlime- ; White, 


1. YellnW 

|itn'|h' sand, 
simhtMiie, 

laai'I. 


.sluin' ill tliiek 
• a- . arthv. --lim 
ait inline ni.ir 
1 Marl si. lie ill thin 
1 llshes. 
fAii extrem.'ly ve 
‘"‘I sands .ami 


d, . eiii. 


4- -I'M 


thiekiie-s 

elciraeter 

iiieasur'-'s 


and 1 

Id.Uils 


•ulmirs, 
■,d du 


like th" 


ri-.'iu tli(^ tal>ul.'ili"ii. til,- slnd' iil will ,'1 ■' 

w„„v ii„. Ii,„its ,.r 111.. r,.nniiu, :,I..I Tr....ssi.. s.v-';-. "I; ;-' 

| . i.i...Ls Aii.l lii-sl ..r 111.. l>Ki;MiAN,..i.l..-i;-'ii:iii"'i . ■ 

l:..,l,.ri..k Mnr..liis..i, in l.-H ''T'' .Tn’ 

lnv..i.ii,li. A... . ri...n. II... li.l.'si.... -..y......n...n " 

di'se strata are more extensively dem l-ipei i.oi ' ^ ’ 

.’.....i|.vh,:4 .-in nr..ii twi.’.' U..; -iz'' "'ni t.'"“.i„ 

' I'Umiaiit and varied suite of urgnnie remain-. 


Lilhul.mleal rnmin'-iti.ai. 

I. Tlie IVnninn sya,.ni, n. a..va.r..l in 

d hussia, eolisists e.ssenti.ally ot reildi.-h :in< 1'./' 

i.'irtz.j-se siiinlHlonns ; ol i.t..|.li..!i nml '.nnSw* . ■ j 

n-i.!,., Jolluw, ;u..J grnen; ; nf ycll..wml. Inunst.^ncs, i..n,t..n..n„ 
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nf)t:il)lo por-(‘eiita"0 of ma^oicHia ; and of ('alcareous or 
lla,<^stonos, ofton lar^ody impro^oiatcd with (‘o|)])or-|.yril.->. T, 
sandstonos aiv ^^oiiorally tliick-bcddod, soiiietinifs gritty, ( Kva.i 
ally coiigloinorato, or rathor inoro iichhhi than oonglimn t:ii. 
the rolled ])(‘hhloH being scattered throughont the samio ' 
strata, and seldom in vast lunildery masses, as in tie* old nd r 
glomerates. The shales are nsually calk'd “ marls,” but tlii i. 
from their containing any nohible (|nantity ot lime, than iV 
theii' occurring in a motthal, friable, aiul non-laminalnl a ,' 
The limestones vary from an almost pun^ carbonate ot linn' in: 
admixture, containing u[»wards of forty per cent ot eaibonan 
inagnesia heiK'e called “magnesian limestones.” 'fheir sti , 
turn is often ]»eculiar, occurring in thick laeds, with suberilii a. 
coucretiouary masses, and layers of a powdery eiaiisisteUi i', a: , 
not unfre.(|uently in a ))eculiar brecciated or ])S(*udo-bnrci:i;. 
arrangeiiunt, as if the ma.s.s on consolidation liad keen lu’ok' ii : 
internally and again n'consolidated. The concretions are nii.; 
of <'urious .sliapes, linnri/i'oiitfixf, iiKtiniinlldrji, or paplihe. ai i 
hotnjoulitl^ or in clusters like a bunch ot grajios strneiup 
which are very typically exhibited in the liini'stones ot Siindr 
land anil Durliam. AVdien the magnesian limestone assuno 
granular and crystalline texture, it is known by the inincraleLe. ■ 
name of (/o/o/a/7c, after the I'Vench geologist, AT. Itolouiieii. ^ l i 
slaty or tlaggv beds aia^ known in Kngtand as “marl-slates m 
in (n'l-matly, where they are largely iiujireguated with copp- 
jn'rites, as “ kenpi'r-mari.s,” jind “ kupfer-schiefer ” (copper >1:11' 
names now <pute familiar to ITritish geologists. Occasionally : ■ 
in the lu'ighbourhood of Ih'istol, where the Permian beds o^ 
unconformaidy on those* of the coal-measures, we have a •'d". 
mitic conglomerate;” that is, a conglomerate or breccia iiiieb e 
of the fragments of the older rocks, and cemented together h\ 
basis of reihlish or yellow magnesian limestone. “Thiseiin^i 
merate or breccia, i’or tlu' imbeddc'd fragments are soineiin. 
angular, occurs in jiatches (we (piotc Sir (dharles liVoll' over t. 
wlmle of the downs near Pristol, tilling up the hollows :i: 
irregularities in the mountain limestone, and being princij .'il 
com[iosed at every s])ot of the debris of those rocks on whi b 
immediately rests. At one piunt we find ))ieces of coal-shah . ■ 
another of mountain-limestone, recogni.salile by its ])cculiar >1 • 
and zoo])hvtes. Fractured bones, also, and teeth ol sauri;in> i- 
dispi'i’sed through .some ])arts of the breccia.” 

glih AVith resjiect to the order of succe.ssioii among the slmc.. 
the Permian, like every other .system, presents local ditlereii';' 
and irrcgularitie.s. In the north of Kngland yiiore espeeiall'* 
l^urham and Abn'k.shire), it consists chietly ot red .sandstone ‘ 
grits, of magnesian limestones and gypseous marls, and ot hui* 
nated calcareou.s tlagstoues. This succession is usually tabulai' 
as follows ; — 
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vw 


M\(;NTS 1 .\N 

Limk^imnk. 


i;i:n 

S,\ .Mistook. 


'L.\M1N.\TKI) Limrstoxe, with laycrscf coh.nrcd iniiiN, .i- 
!it Kliuttin^div, l)<'iu;istci-, \i’. 

(lYI’Sl'.ors Makis Itcd, Miiivli, :vi5,l tiiotllcd. 

M A(iNl';81AN lilMI'.sToNr. — and wliilc : ('fvarl"U> 

texture and si nu tiin- ; mum'' I'aits. as at 'I’viu iiinut li, 
hreeeiated, up inadc uji et rraaim nlaiy rna^si 
Maul Si.ATKS- -Jjandnateil, iin]iuii' caleartaais lla;4'sh'ni s 
of soft, ar^iillaeenus up -andy nature. 
n'lKl) SaNIisTONK, with red .ai;d )air|.le marl'-, and a f w 
tnieaeeous heds. Tlie mii^ ate sunittnias uhili up 
yellow, and [lelildy. Wlim eunfupm.d'I.'. t!,i ■ '• nahlune 
I ueetisiduully pas-ses into the coal nira^un.s un whieh it 
1^ rests. 


lu rp.'iiiee. (lenittoiy, Ivtissin, ainl NtiHli .Amepiea. wlnf.' tin 
• vMelli li.'is Iteeii well ili\ est iyale' I, sulne o|' these um iuIh P'. arc 
waiilliiL', hile others not more fully niid ty pieally dr\ i lupeil. 
It has been attempted to eo ordiiinie,. ns in tlie siihi"iin d syiu'pds. 
the I'.teilisli ami (lermati strata, Inkiiiyf the nortli ot l.iiylaiid and 
Tliiirinnia ns the jtoiuts of eoinpnri^oii ; hut the stii<lenl should 
vep iviueinhel' tliat , eio ioiis ;is stieh reseiiihl.nliees ipi ipn iitly ape. 
ii i' hy uvm ral types, and not hy any eoiiveiitiunal :ifi:in;.’,' ineiit 
■ !' strata, tlint tin' jfeolooj.st must be etiide<l in his dedni'tioiis ; 


laiiainateil I iine.'t ones. 
ItiTi'.-ialed liniesti'lie. 
la s- ilili./puns linu'stuiH'. 

<’■ iiipaet liniestoin'. 

Marl date. 

Hed saiidsiunes tnnl i.:rils. 


I H (l’< I Hill i< > 1 . 

Stiiihstein. 

Kanehuaelad 

Jtuh tail ; upper /eehO' in. 
Zee!isti-in Muili* --lone). 

MeP;.:el Mbi.f.iand laiph r-seha h r. 
but lie-lode liepelide. 


illd. 'rakeii tis n wlioh', tile sl iideiit must perceive that a ereal 
'litli'reina’ exists betwiten the red .saiidsloin'S, mreiiiedan lime- 
Meiies. and mottled marls of tlie JN'iiniaii strata, and the yritty 
siiidst(ines, bit nmim.ms shales, and eoal se.'tmsol the earbuniterons 
'.\steiii. If is true tliaf iti some loealilies the lower jvd .s'liub 
stuiie^ show tr.'iees (d‘ ealainiles, ferns, ami other eo.ai plants ; hiil 
- ti'h yradntitions between systems ;ire hy no nieaiis iim uninji'ii. 
'tid the 1 ransition beds may he classed with eitln-r system with- 
" It iimeli inijtropriety. As we ascend to the I rias t)ie dilh reiice 
i'"ci)iiies st ill more ])erceptible ; in 1;iet.whih' several orv.'inie hu ins 
■t'e coiiimon to the IVrmian and eoabmeti'tires. not a h w o| the 
i’rias art' identieaJ with tlmse of tlie, .siiperineiimhent. bias. It 
''as this ]ias.saoe or transition from mie preat system oi lite to 
•'■‘"ther. that indneed the earlier yeuh'pists to elassity tin new red 
siiiil.v(une, tin; earboniferons lormation, and the uld od s.'iinl 
't"tie ,a.s bowEU or Oldkii SEGoNDAinKs, and tlie lias. <'uliie, .md 
' as the UiTFIt or Yot'NOKR SKfoNOAKlKS. 'rlioinjh Iiew 
'^'■I'lom used, tliese distinct ioms were not without their sipiiilieam e 
•'lid unnlnally le<l tlie way t(. the more i»reei.^e arraiiyeiin id. ol 
stralitied systems int«» I’al.'eo/.oie, ]\leso/.oie, and ( ainozon. 
Abiding hy these life period-s, tlie I'eruiiaii, ;is eoutainino lussi s 
L 
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less or more allied to carboniferous types, takes rank as 7^<ih 
zoic. ; while the Triassie, enclosing fossils less or inorr alii, ,! 
oolite ty])es, takes rank witli Mesozoic systems, as alrr.uiv 
diea.ted in tlie tabular summary, page 72, to which the stiulciit 
here re(iuested to refer. 

P:il.'coiitolo;j:it‘al Cliaractoiisties. 

214. Tlie organic remains of the Permian system, as far ns 
covered, do not a])pear to bt* very abundant, and with this paui 
of fossils it would be unsiih; todogmati.se too confidently as tn t 
ultimate grouping of all the members of tlie .system. .Aiiii 
the Plants, which, as already stated, have le.ss or more- a e.ai hn 
ferous aspect, we may notice the fucoid.s, choinlritis ami 
siphonio ; the fdieoids, cnutcrpo, nenropteris^ fxmpfrris, 
opfcrls^ and other ferns closely allied to those of tlie coal-measnr 
tlie reeil-1 ike plants, etpiisclifixt, and <is(n‘<>plu/f/i(' ,< : n 

the coniferou.s-lookiiig stems and branches known as t//t'op<>ili 
A'/nWof/c/zi/ro//, and W’ltichio. lAissil fruits, as the ciirdincdi'jii' 
(heart-shapeil), are not uncommon ; while leaves like those of I 
fampalm and cycas, known by the name of loopfcnifhld, ;i 



silicilied trunks of tree-fern.s, termed psaronites, are characteri't 
fe.'itures of the Permian flora. Of Animal remains, we ha\e i 
certain localities a fair proportion of marine types in the ni.iLrii' 
sian limestone, though we altogether miss that profusion of eoi ;i! 
em-rinites, and molluscs, whicli crowded the waters of the ni"'u 
tain- limestone ejioch. Of spongiform organisms we nia v nicnti" 
77iam.mil Inpi)r(t (pap-pore) and the I>ot/ii-oco7iis (pitted-cone : ' 
corals, the ca1ai77opnra (reed-pore) ; <ii(lapo7‘a (pipi'-jiorc' ; cl' 
phiillum (beautiful-leaf), and alveolites {alveus a pipe or chaniu ! 
and of the minute foi'aminifera we have the tooth-like dental w 
and tcxtulama. Of echiuoderms wo have still the cpeithocriiO' 
and a7'chavcida7'i$ ; of vermiform organisms, spii'o/'bis and so 
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, • and of cnistaoca, the ciftlipn^ and (ll(}ni)’ocifii.<, Tim 

liowever, Ints disappeared, and we have ii'Hie of tlie eiiri- 
,,, 1 ^ c'dinplex erustaeean forms that eliaraeterised tlu* Devonian 
[,,1 carlioniferous epochs. Of inolluse.a. we may imtiee (lie eom- 
,„aiiiil Inrms f( iust(//((iuu\ lihiillojHu'ii : tlie liraeliio|)(.(ls /uniiihi, 

■ .s/r'o/iAoAwo, anil ifiifntintrdu ; tlie dimyariaii hivalves, 

, liitkf'villifi, sr/iiyiilna, and hi/saniimi : the LCi-^teruiMxIs, 

■.ii'/fii, /'Awio, and /Jmrotnnmritf ; and one or two 
n.M nihliin^Ohc luintihiK Of (islieswe have several nf the smaller 
tVirms, as poAronAr//.s-, i>l<ihi.«,juiis Inoad- 

imhv, and caloarnt/tds ; hut with this system most ih’ these 



’ Tins disappear, and are never found in any suhse.ineiit finiia- 
i; n. The hetcroeercal tail, which is ennliiied to a small nnmlx r 
f 'Miera in the existim^ creation, is universal in (hr ma'iiie- mii 
riiiiesl.nie and all the older formations : while in the sliaia ahove 
t!i.' nia'ni(‘sian limestone the honmcereal tail ].re.|oniiiiatc. a 
jrneralisation loin^ since estahlished hy Professor Aycipi/. lop- 
vlian liih seems also to have lieen on the inerease ; and I lie seanty 
:uiil somewhat donhtfnl forms of the oM re.l and eoal tiieasnrrs 

:nv now snceeededhy true air-hreathiiei. land iiihahitin,i(en atiiivs 
"fth,. frmr and lizard faniilies, whose peenliarionieal. enm]nyse.l 

mel linely-serrated teeth, hones, and fhoti.rinls have la . m Inmel 
ni Russia, (lermaiiv, and the south-west of Kmrlaml it w-' :ov to 
r-anl tlm Bristol ilolomitie eon-lonierate of J‘ermian ratio r I han 

' i'Tnassicepoeh. ()f these Laeertilians the/m/ooso^//v/s aneimil 

'•nirian , proforo.^aun/f^ (fu’st saurian , n name a]))' m- " "O 
optilia liad been diseovered in tin- eoahnioasures or ohi iv.l ,-ami 
'('■ne , and (hrroJon(n,,nn-ns (>heath-tooth saurian , aiv i.rrliai.. 
dit‘ most eliaracteristie the latter heintC 'dlnd to e i\ui_ 
iiiHiiitor; and, as Professor Owen has observed, ' its a]>|.earaiie,. 
ill liaheozoie straha is opposed to the docti ine of inoyai s-i\ ‘o ' 

'■' I' liTnc'tit of reptiles fi-inn fish, or Iroiii sin)|>li'i' to iiioie "''"I" , 

' 'rms : lor if it iW .'xisteil ul the preseut clay, it wouhl lak- Miik 
•d the head of the Dacertiau order. ’ 
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(ioo<^r;iplii(';il and Industrial Features. 

iil"). Tlie Ideographical ;irt‘a over wliicli rocks of llie I’miii 
t'pocOi arc s])rea(l is hy no means well dclined. All the red 
nicnts that oecur above ih<! coal beinid hitherto reidardctl as // 
nd and there beino after all a idreat similarity, lith ! 

^dieally speakinid, btd ween the whole suite, it is no easy task, lll^ . 
where the fitssils ar<' abundant and distinct, to laydown the i \ • 
boundaries of tins rermian and Triassie. In the noi-tlu i ii ;i ; 
midland counties of Enoh'Uid, Avhere tin; maidtiesiau limcsti'ii" ■ 
Well (h'veloped, then' is jdcnerally little dilliculty in (h'eidhid ; 1 e 
in tlu' wesl.(‘rn and southern districts, as well as in tlu^ south w ■ 
ofSi'otland, and over certain areas in Amcriea, it is often i; 
possible, in the absence of fossils, to say what is Permian and vt 
"rriassie. On tlu! whole, consiih'rable areas of England, of l'V;ii:' , 
of (Icrmany, and .America, are occupied by iuidotil»ted lN'niii:e, 
while ;dmost the whoh' of eastern Jiussia. is oiu.‘ unbroken a 
vadopment of the system. 

lilt). 'The ijdiieous rocks associated with the system are eliie'’, 
dykt'S and outbursts of basalt, <dreenstone, pitehstoiie, and el i 
st(.)n(' porphyry. 'I'hese outbursts seem to be connected w; ' 
igneous centres situated in the older systems, and jkiss ali . 
through the ohl red, carbonifei'ous, .and tiew reil systems. 
the exce]>tie)n of some tufaci'ous .ainl brccciati'd bials at tlie h: 
of the system, there aj>pi‘ar to Ix' few interstratilic’ations of iine< 
matti'r ; and, e)n the wlioh', the Ihu'inian era .semus to have li 
one of compai-ative trampiillily. Immediately befoia* its di p ■ 
lion, th(‘ i_i.!;m‘ous centres of the eoaldiehls were in ;i stale of inti i ■ 
acti\ ity ; and to the fiaapient ujiheavals ,and submeroeiiec- t! 
then took place, may be ascribed. perh:ij)s, tlu; ra])id aecumnl ii: 
of the red st'diments of the Permian <‘poch. .At all event', '' 
have comparative ])ancily both of animal and vegetable ht- 
rivers ehareed with oxidated waters ; and seas in ovmditions pee ,- 
liarly fa\a>urable to the formation of s.aline, gypseous, and niaj': ■ 
sian sediments. As will be seen in the Kecapitulation, ehetni'' ', 
has not yA been able to throw much light on the eoiidit. ’ 
favouring such extensive ac<’umulat ions of rock-s:dt, gvpsiiin.ta. 
magnesia ; imr arc geologists at all agreed ;d)out the origin ot 
breccias and conglomerates that occur in the system. The e : 
vulsivo movements of re])e.ated earth(|Viakcs have been call'd ' 
to ;ic(‘ount for the fracturing and reeoiisulidation (d‘ the d yneni' n’ 
breceiat t'd llme.stones ; so also have peculiar chemical and ])h v'a 
forces ; and recently the transport by ice, and the external e"!i': 
tions of an arctic climate, have been suggested Ipv Pn't''"- ■ 
Eamsay, as connected xvith the accumulation of the Pei’iai.v 
bi’t'ccia-conglomenites of Salop and AA^orcester. 

217. 'rhe })hvsical geogniphy of J’ermian districts, thoii- 
devoid in a great measure of those eruptive undulations and ciui 
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whicli {^ive character to the scenery of tlie inonutaln li 
' ,Jh. and old rrd sandstone, is hy no nicnns »in>(itnte of hr: 

. ,1 voirtv. 'I'liesoft marls and ]>:irtially ronsuli.latr.l s;ind.4( 
nf r;isy erosion hy streams ami rivnlris, .and tliin we 1 
,nr.vssion of oriille. sh>]>es and roiimled eminriiees. whieli 
i;i,v a pleasingC ifnota i.ietnres(|ne. landsrai.e. rnlrs> imii: 
•, lv nvei’ the iii.aonesian limestone, the ^oil <it 1 ermi.aii disl 
. Viier.dlv a re«T elavev ham, better ;id;i|.ie.l tor ja^tniv 
,,,Mland than for (lu‘‘ rot;ilion of mixed huslandrv. In I 
,>,,1 the e.aste'rii ])ortions of Unrh.am, mi«ldle N orbdiiiv. Not I 
and the district round Slirewshnry, m.ay he i.akeii 
< of IVrmi.aii scenery. 

■h, 'Hie industrial i>roduets of the svstem. tliouol, not 1 
. ...iiaiv.! will) tho.se of the eoal-me.asnivs. .are >tdlo| em, al.-, 
; ,tM,rt;inee. 'The sandstones .ami eoiiLdomer.ates .are iiii:ii i n 
districts ihr hnildinu^ |.ur)>oses, as are also some otii.e 

,,i;a |iniesiom’s,whieh,hkeih.at of Itol.o.ver in Derhy-hiiv 

,.,.1 fnr the ilous.'s of r.arli,amenl.dre^.w.ll.:md:ireexe,,,| 

,1,1.., 'I'lu. limestones :nv likewise n^ed in ;mrie,il! nr, 

, la.irtar for the hnilder. while eerl.ain ol ilie-oi.iiaei li-nf > 
k - fnniidi not indilleivnt hloeks lor the lilho':i;iii m |'i 
loiMini isanahnndant ].roduet of >ome ot ih.' inarl^. : \Mi 

(;nni:iiivthe.larkhilnniinonsdookin'0^e!,,.l.knoN\naOlie/.. 

. ‘has been )oi,uMnimMhmanore<,feo|.|.er, .atel Inini.- 

jironortion of tli.at v.ahi.al.le mel;d. \ eiic- ••! ;eoei:; 
.alnlniref of /ine oecasionallv tniverse the m:mm-i:«ii - 
!; ike xvliole, the svstein is not noted a.- a. Mi",.'iloi\ 


N’OTE, UECAriTULATOHV ANl» KX ri.ANAT<nn . 

iV.l The svstem above .lescribed consists eso-nti.ally > 
nkstoiie.s and Inaaabihal con^doim r.ates. ye > 

aesloiies ami slaty ealcare«ms I.eds. f I'om 1”‘ 
itsstrata.and from the fact of it. lyui- nmnedmiels 
'il-nie.asures. it has been termed the /e /' / " s"/" '' ' 

‘linctiontotheoldr(Ml,whieh lies heiieatli. 
rolls marls and varie^,Mted .sandstone, ot t n n<i .-i' 
w:.s early ol, served to Imld a sort o nmhlle , a, e , 
■oiidarv tbrmatioMs; hence the li.is, o<i itt , .n. i. 
■iikideiaal as /i<nin;l(r or ///7»r/' s" • '' ‘'nnci 
carboniferous stratii, and the old red w le t. 
.'o.vrsecmn/nnc.. From the k.et ol the l^ cr me d 
red sandstone eontainin- ibssils mma-or h-s a Urn 

ions tyT.e.s, and its upper memhers imlx-d-linir i »s _ 
bed to oolitic forin.s, it has heen reccnll;- piopo^ 
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them into two distinct systems— the Pmnian (from Penn i: 
Kussia, where it is extensively ileveloped), and the Trin.^sii’, r,. 
gardinj^ the triple group of Germany as typical of its upper stnu i 
Adopting this view, we have the following synopsis ; — 


Germany. 

{ Kouper. 
Muschelkiilk. 
Biintor siinilstein. 


PEliMlAN. 


( 


\ 


Lower l)unter. 
Zeclistein. 
Kiipfer-scliiefer. 
Rotlio-liogeiulo. 


E II y land. 

1 Saliforons marls and grits, 
k {WiiH/iny.) 

) Variegated siandstoiies. 


Gypseous marls and grits. 
Magnesian limestone. 

Marl slate, 
lied .sandstonos. 


III the Permian, the fo.ssils are ])lants akin to those of tin* civi!- 
me;isures, with crinoids, .shell-li.sh, fishes with hcterocereal tail-, 
and frog-like reptiles. In the Trias, as will be seen in the in x: 
chajiter, the ])lants resemble oolitic types, and the animal reinaiii' 
are corals, encrinites, shell-fish, tishes with hoinocercal tails, ain]ilii- 
bious reptih?s, ami traces of birds. Taking the whole comiiosiiii n, 
succession, and remains of both systems, they indiwite a jicriotb i 
shallow seas supercharged with saline matter, of muddy estuarir- 
and lagoons, of fre(|uent submergences and upheavals, and i t 
jieciiliar climatal iullueiices, which, while it favoured tin; ra]ii i 
disintegration and transport of rock-matter, does not seein t > 
have been congenial to a luxuriant development of vegetal inn, 
During the period many forms of life disajipenred, ami w. iv 
succeeded by others of a different type ami order ; hence the I'l i- 
inian grou[) is regarded as and the triassiit as iiiisir.nh\ 

2’2(). As in the case of coal, rock-salt, llint, and other rnrk' 
whose formation cannot be satisfactorily accounted for lo tli' 
ordinary conditions of mechanical sediment, the origin of tli<' 
magnesian limestone has given rise to much ingenious speculatinii. 
The most jirevaleut hypotheses are that the carlxmaie > : 

magnesia was deposited simultaneously with the carboiiati' "I 
lime, and stroiul, that it was sub.seipiently injected in the sia'' 
of gaseous vapour. There are dilliculties, no doubt, in the way 
of both hy])othes(!s, but the former is that which admits el 
most extensive and satisfactory application. “ Tlie eircuin- 
stances,” says Profe.ssor Phillips, “ which jiermitted the atvu- 
mulatiou of the magnesian carbonates of lime are in a grea' 
mejtsure unknown to us. That they were originally depositid 
in the same chemical condition as we now see them, without tli ‘ 
subsecpient aid of any igneous opeiations, is perfectly evident, b 
has been irnagiueil, because certain beds of the carboniferous hni' - 
stone contain a large proportion of magnesia, that the one 
deriveil from the ruins of the other. But, as Profes.sor Sedgwii k 
observes in discussing this subject, all the magnesian beds in tlu* 
carboniferous limestone would be quite insufficient for the ])ur' 
pose, and the cri/stalline dumicter of the ^Mansfield and otlitf 
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\;iru‘tiesof limestone clearly negatives tliis meelianieal 

Be'^ls rich in magnesia alleniate willi others lievoiil of 
that stihslance; the same beds are in one tract inaguesitm, in 
;ii, other yield pure lime; and in general we must be content to 
shelter our ignurfinee under the statement — that^ tram soinc tin- 
i iin<rii c<(>(s<\ (ha waters of the sen leere (hen deenmjuisi d in stich 
,f trtii/ <is to pN'mit reri/ (/eiiendlif the pereipitatioji tf itndrd 
and ceilcareous carhouates • the possf/f/c a rciuiistit nc> s 
(dtieh mast he intrusted to the examiiattion <f the ehemist!' 

For further elucidation of the system whose limits, 
whether geogi-aphiciilly or lithologically, are by no means well 
ih tiiied we refer the inquiring stiulent to the Mmoors and Maps 
>eiho tUnhujieal Survcif, to Pr<fessor Suhiwiek's Moiopraph in 
tic (Jriifoiiietd 'fransaetions, to k’inifs Ihrmian. Fossils, in tin* 
|nihlieation.s of the PakcoJitogmidiical Society, to the ti'ralmiii if 
Jlnssia, by Sir Roderick Murchison, t(t the iSihiri<i of the same 
author, and to a recent itaper <m the supjtosed glacial origin of 
the Permian Hre(a;ias by Professor Ramsay, in the eleventh volume 
of the (jivknjical Journal, 



TIIK TRIASSIC SYSTEM, CDMIMIISING THE KEEPER, MUSCIIKLK \1,K 
AND RENTER SANDSTEIN OB" GERMANY, OR Ul’PIAL NEW 
RED SANDSTONE OF ENGLAND, 


222 . 'riio reasons for so])ara(iii_uf Avliat was foriiiorly known :i 
lli(! “New Ill'll SaiiilsIoiK' ” into two ilistiiict systems tin' /’ / 
miitii ;ui(l 7 ’/'/o.«/V' — liave bofii statoil in tlio pivcediiiy 
IJerori! tliis division, it was usual to arram^o '.Im new' ml 
stom.', as developed in Mnolaiid. iid" upper, middle, and Imv ] 
i^roups tile i(i)pt:r eoniprisim^f the saliferous marls and varii ean 1 
sandslones of ( 'hesliii'e ; the iiud<lh\ the magnesian liniestniir- h- 
Vurk and J-)urhaiu ; and the loirc,\ those reddish sandstones an i 
erits whieh imniedialely overlie thi' eoal-nieasures in the iiortli i 
Kneland. 'The sueeessioii of the strata eoinposim' tlie lower aii-l 
middle groups has been already tabulated in jiaragraph 21 (i ; tie 
following lirielly exhibits the lithology of the upper groiij) v- 
usually (levelojied in England ; 

Vari K ii\Tl-:i) .Mari,s.— licit, with hluish, >,;T('eiiisli, and whitish laiiiiii ie ! 
clays or marls liohliie;' yy/esew generally, and rorlc-ao/l. pai tially i ' 
in ( 'hcshirul. 1 n terst rat ilied with these marls are certain y;iv\' la i 
whitish sandstones (” waterstoiies 

Vaiii EUAT l'D Sandstones. — lied sandstones, with white and inntiir: 
portions; the lower strata in soma districts pebhlv, in others n'li''.' 
hreccias and conglomcriites. 

ill addition to these marls and sandstones, there is developed ■ li 
the Continent a considerable tbickuoss of .shelly fossiliferous liiii' 
stone known as the mi’.scmelkalk ; and when this is interpolatc'l. 
the uji[)er new' red consists of three wclbmtirked members ; heir ' 
the Trias, or triple system of tJerman geologists. Tabuliited in 
desecnding order, the following -exhibits the eipiivalents of tie 
system as developeil in Germany aiul England : — 

iicima n y. Eiujht n <1- 

Saliferous and yvi' 
seous marls, v, it.i 
grey and wliiii'i' 
sandstones. 

( WiDiting.) 


1, Keupeb. 


2. MUSCIIELKALK, 


/Saliteroiis and gyjiscous 
) shales, wit h bods of var iegvtod 
j sjinilstoiies and carboiiace- 
yous laminated clay.s. 
f Compact greyish limestone, 
d with t)eds of dolomite, gyp- 



LITIIOLOCY OF THK TRIAS. 


BrNTKU 

SaM'-STKIN. 


I" Various colo\iroil san(ist"iK's. 
\ linli.miks, ai)il IV, 1 da vs; 
( • wasiuiial ] lisoli t os. 


Roililisli saiulstoiH's 
aiiT .juait/.UM.' v,'u 
^'Iciiur.u.'s. 


:dV,. Tlie student will thus pemdve that tho Tri.assio systiuii, 
v,h. ndiillydovel()j»e(l,(AWisists()fthre,Mii:iii)i:iviii)s 1. The lu'U|ici' 
,,|ir. iv>usin;ii'lsand.yu-its^ ; *2, (he Miischelkalk sli.-Hv ; 

a-i 1, ;i. thr Hunter Saiulsteui ;vanet,eitod sandstonrs'- ( If ,',>nrso’ 
.fltioi-i'iit distriets the litholn^rv of thos,- |froii|,s will I*,* fnind' 
■ \ in, thoiiydi till! itersisteiHv of s.difiT.ais. -rits and marls in 
’■upper ])nrtion^ of the system, and of v.ane'j:atc(i saud^lonos in 
’!, ■ lower, over wide areas in Knylaud, Fram’e, and (i. rinaiiv, is 
a iliaps one of the best estahlislied fuels in ;.;r.doov. In l.iiadand 
'!r most (yj.ieal 'friassie distriet is jterliaps the' .salt iv’.mm of 
I'ivdiire, in whieli Mr Orinm-od limls tiio total tliirkm’s-/ .,f r, d 
-iiaNtoiies ;ind in.’irls to he at least 17(10 fod, of whirli ih,. upp, ,- 
:r up. ineludiiio the salt ami .irypsum, takosahout Too f , i ; th,- 
eiddle tri’onp, eoutainiiio l.aminaU’d sandslom's, eall,.,! "W'at, ) . 
■■ Urs,'’ loo feet ; and the .snhjaemt .wiml-ton.'s. niost|v rrii ami 
['illi;ol\ eonoloiiiei'at ie, helir’Ved to eorre-;]iond wil li llie “ I'lUnO r 
■eid-tein '’ of (iermany, COO feet. 'I'akiiio- the fulh’.t ,ie\,.lup. 
ui' lit. as indieated liy the sections of tin- ( Jeoh.'^di'al Surm v, tho 
hiidi'h Trias jiresents, in descending order, the tollowin-y well 
hiiiied ineinhers : - 


/ I. Mottle.l (;.Tey, aovrii, and red) days and mn! , 
KI'U'J'KR *** hrd Mlatts witli Saiidv laniina. ■ a, id -•.,nd"l''iM 

j •). I;,m 1 and liliK; days w it!, reek '■■ait and -v jnuni. 
vh Walcr-ste'iies (laiiiitial ed sandslMi,, 
j Soft red varieyateil .sami- tmie. 

I'L'NTiat, % fj. Cearse red sandstone and eoii.doinerato. 
y 7. tSoft red amt variegated sanilstoiie, 

••li tlie {.'oiitincnt the tyjtical ineinhers may h<‘ arranyeil in the 
'■'line manner, as fidlows:-- 


/I. S'ari(‘ymted mrirls livd, tiliie, and ciXMao, with /y), 

’ siitii anil sandy lay, rs. 

d 2. Ited and dark mail-', with fVlouin and Ian, Ooiie 
\ hiyers. 

d' seill'LK Vt K ^ fossiliferons liniestoi,,.j with marl ]/ irt,nys, 

1 4. (’oinpaet inayiiesiaidinie-tune. 
jjl i j r>. Soft varieo'ated sandstones. 

1 Ik (Jo:irse-}.;rained and eomdoiiieratic saiel-t"),,-. 


-2d. Cu-ordinatin;:' the Eipiflish with tlm Continental strata, :h 
‘■ 11' as jtreseut thitawill }x‘rmit, wc have, the follow in,:.,' relations ; - 


EiKjIand. 
anojniLed Marls, 


Kenper, 

Mnsehelkalk. 


Marnes o 
( 'aleaire , 
(Ins hi-a 
(tresdes 


^ aric^^ated sandstone. liunter Sand.^tcin. 

Ji) America, more especially in the states of Massaclmsetls and 
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Connecticut, there is also an extensive development of red sanl. 
stones, shales, and conglomerates, evidently j)Osteri()r in fnniKiti v 
to the coal, hut not yet V(;ry clearly separable into Penniau :ili 
T riassic. As far Jis fossil evidence goes in the mean tiiiir. t!, 
fishes and Ibotprints seem rather indicative of the Triassic ipi,, !; 
ami to this view Ameriwin fts well as British geologists have i, r 
some time given their assent. Lithologically, the American si rC v 
are extremely similar t() those of the Mersey and Sidway, aii4 i: 
their composition^ and arrangement })oint ]>r<>minenlly tn , 
similarity of external conditions and modifying agencies diiri].: 
the })eriod of their deposition. 


Pala'outolugical Characteristics. 

22r>. Speaking with that reserve which a progressive scicin i 
like geology necessarily im))oses, the pahcontology of the 'I’ria^' / 
system may be described as, on the whole, scanty, and oidy >1. . 
veloped round limited and distant centres. In the vcgetal'i" 
world we miss that variety of form ami profusion which chara' - 
terised the coal-measures, died away under the Permian e])iirli, 
and again revived iluring the deposition of the lias and oolilr , 
while in the animal worhl, thougli the era is marked by the in- 
troduction of new and higher forms, it by no means exhibits citlit r 
extensive distribution, numerical amount, or variety of speeir?. 
Jlow and why this paucity of life, geology is yet unable to deter- 
mine ; thougii this much is certain, that a great series of elevu- 
tions and depressions had laktm j)lace — old lands hatl passcil aw'.'iv 
and new ones risen from the bosom of the deep, and over tin 
whole were imposed other intluences of climate and external con- 
dition. All this necessarily imj)lied new centres of creation ami 
dis[)ersiou, and altered forms to harmonise with the new conai- 
tions of existence. Thus arose the flora and fauna (.)f the Tria^- 
a flora and fauna morcallietl to those of the oolite and chalk tliaii 
to those of the coal-me:isures and old red sandstone ; and hciio 
the reason for regarding the Trias as while the Tcr- 

mian has been included within the great FaUvozoic cycle. 

220. From whatever cause it may have ai’isen— the untitmo^ 
of the dry land to nourish an exuberant vegetation, or the iintit- 
iiess of the new red sediments to preserve it in a fossil state' 
there can be no doubt of the fact, that the Tria.ssic flora is cne 
extremely limited, lM>th in mimericul amount and viiriety i t 
species. In Brihiiu, the system is almost destitute of vegetable 
remains, and it is chiefly in Continental strah* that the character- 
istic ty|)es have been detected. There are several s})ecies et 
equisetum and cxUaniite, among which the E. columnare anil 
C. art’naceiis are the most characteristic ; a larger variety of filicoiil 
plants, as pecoj>tens Meriani, t(t7Uopteris vittata, neiiroptfi'U 
Voltzii and ekgam, sphenopteris mgviophgllum, and Jilicites sco- 
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I. pmlnokles; a few cycadeaeoous plants, nyiih^ ph mpjn/llnm and 

; some fragments of unknown atlinitv. ;ts thero^/nW/.r/-- 
I'.i and irJiinostarfujii ; the pine-like \'i>lf:la, appajvntlv pi-euliar 
t.i the Trias, of winch tlie hr<ioifolku and lirUmpfnilk are 

till* most abundant ; the Wnlc/iia hj/pnoii/cM ; and the doubt I'ul 
ilii'otyledonous-looking leat, (hctj/opt/itiHiiiii (Jii 

I he whole, the student cannot fail t.'i perceive that the Triassie 

II. i-R exhibits much more of an oolitic than ..fa earl.oiiiferoii,s 
;e|..rt ; and that the sigillaria, sliginaria, agd le]n,loil,.n.lra of 
pilaozoie epochs have given place to forms iimre nearly allied to 
the tree-ferns, cycads, zamias, palms, and sub-tropictd pines of 
tile jiresent era. 

ti-'r. When we turn to the Fauna, we lind the stime niesozoic 
.vj-eet ]ir(!vailing, together with the introduetion <.f high. r and 
It'Civ^trial torms. We htive none of the curious .‘orals of the 
.'iliirian aud moinitaiu limestones. comj>ar:itively few eucrinites. the 
]'i'iiiliiet;e and their allies havt; disapj)eare.l,in* trilohitcs or strange- 
Innking eumoid crustii.ce;i, no bone-encased tishes, ami now m> 
tiiiiversal lieteroeercal developments. Nature has eominmmed 
.'timthttr eyele, tiud with this movement the paleontologist is pre- 
sented with othi'r spitcios ;iud newer phtises of vitality. As yet 
tlic musehelkalk is the great storehouse of triassl.' marine life, 
.'nni in it wti find .several Htarfishes, as ojihiitrii f/rii<ot. asjii<li/ra 
/ •/•/eaAf, and (i-sterim ohtxm ; and one well-marked ami abundant 
.'ni'riuite, the c, hluformu. Of bivalve mollus.'a, we may noli.’.* a.s 
''‘'iiimoii ill the same strata ranliuiii /yrti nutifni, (ri;/(>niii r'lfi/'iri.i 
!ui.l mja iwLSi'nhndf.i and in i/lihn pla- 

pi'iKfoiiid lincdtum and puiidutni/i^ ai'iciila nucidlin. one of the most 
''liarai't.'i'ist ic shells in the system, po-mdonl'i lii’iipi'riaiid, nslrui. 
•'^'■reral sptmies, j>edeii rdioiktKs, and cdiiiiiionin and 

idii'ntmvli. (.)f the gasteropods, we have oih/ptrif u, (ror/u/.f^ and 
(■(ntoll'i ; and of cephalopods, the nantHus bkhh'mtun and 

These cephalopods mark wi;!! tlio tninsition })ctwecu 
dio plain-sutured chaml)ered-shellH of the inount.'iin limestone, 
the ammonites with foliated sutures .so abumlant in the li.as 
■''irl oolite— in other words, between the pithror/tic :uiil mrsfoAc 
siK'.'ies of the same great order. Of Fishes, now 1 hat the ‘‘ boiie- 
h'll ’ of Aust and Axmouth has been separated from the li.as 
•^nd ranked as U|)per trims.sic, we have numennis spes-ics ; that is, 
d 'VC regard the dillerent teeth, scales, and hn-spines as re.illy 
iiidieative of distinet .species. Of these wc may notice tlie (.‘ouical 
•di'irk'like teeth of the .muriclitliifu '"sauroid-tish}, the <p/rolrpiit 
t'visted-scale), ncrodm (poinbid-tooth), arotodM (horn-tooth), 
■uid hjhodas (hump-tooth). Of liEPTiLiA, the remains of several 
'^'U'ions genera have been found tliroughout the system, l)oth in 
buglaml and Germany, but mucli more perfect data are wanU'd ht 
the paliHoiitologdst to arrive at an accurate knowledge of 
^heir zoological affinities and fuuction.s. Of tlicse we may notice 
the trog-like labi/ruUhodo'/i (.so called from the labyrinthine-liko 
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Htnictiiro of its tcetli), the phi/tosminis (plant-saurian', thr / -,/ 
saurus (douhtful saiirian\ the tl(erod(nil<i}i<nniis (slifath a , • 



sauriani, and ilia rlif/iir/ios>inni.'i (sharp-nose saurian all , 
from soiut' prominmit jieeidiarity in tin; structure of the hrili,' 
ili(^ form of the hones that liave yet heen detected, 

22>^. Ilesides the teetli ami hoie-s of lliese i-aily reptlli v, 
ha\'e also tlieir footprints impressed and preservt'il on the • 

sandstoiK.-, alnmst as clearly as if they had traversi‘d the iiiihn 
heaeh of yesterday, d’hese fuotprints spe.ak a laue:uau,a' simii.ir ! 
that of tlu‘ ripple-mark and the rain-droj) formerly alluded ie ■ 
the foot leaviniy its impress on tin.' yielding and half dried iimd 
and the next deposit of sediment lilliiiLC up I he mould, (hi 
tin,n- up many oftho.se slabs of .sandstone, the mould and it .'- 1 
are liuiiid in s^uval perfec.ti(»n— so mucli so, that not onl} il: 
joints of tlie toes hut the very ti'xture of the skin is apiiaiviii, 
d'lit'se fossil footprints, termed (from /c/^aoa, a foet:>u y . 

have hi‘en found at. ( 'ocklemuir in I tumfriesslure, at Storeleii i:. 
C’heshire, at 1 1 ildhurohaKBen in (termany, on the ( 'onni'ct iciit m 
America, and many otlu'r places. iSoine of thoin ai'e evideiiti;. 
re|)tilian, ievmvd Murvldir/iiiifvs : some, aoain ^ judyiii. 

from their form, the texture of the epidermal iinpre.ssioiis, aii i 
thi^ amount of uric aci<l contained in the coprolites that ;U' 
usually associated with them), apjiear to he thcise of eioaiiti 
birds allied to the ostrieh, and thence termed oriiithichni! ■ 
(^or/n>, :i bird); whih* others a[>j>i'ar to he thosi! of unkmevn 
• [uadrupeds i^in all likelihood of some huge h.atr.aehian or iVie 
like reptile), ami have received the provi.sional de-signah' u 
of t< (rd iMxln'hnitfx^ or four-footed imprints, 'riie annexed tn- 
graving repre.seuts the footsteps of the cfwiiodtei'iHtn g/e//’, if' 





hand), so called from the liaml-like impres.siou.s of its feet, au>l i^ 


GKOGRAPHICAL FKATl RKS. 


l>y Professor Owen to be one ami (lie same with (h,' 
or fro<jr-like labyrinthotlon. /c/oe)/,).;,/, as (lie seienee 
, t’"oti»riiils maybe iermetl, has mov beouim- a lavminii- 
with several oeoioi^ists ; ami though sueh inijirint^ 

K ill ill tlie ohl reil sandstone and (he eoat-nieasuro. (ho >1 :i1k i>f 
now )-ed have hitherto yielded (hem in the ^i-.'at.-st vaiiotv 
::e liist inel ness. It is |o (Ids loeal devehipmoiit nl' olnut'S (hat 
ffiv mainly indebted for (lie instnietive jiajuTs .and drawings 
■ I'r.ifossor 11 iteheoek, (lie siijierb lii, iiolmif i>f .|/oeo<7.»/. uf 
r William dardine, and (lie e((n;dly mauMiilieont litlei-raphs bv 
!'r Irv-m- i-i'a, of the I'osnil /-boAvAy-s in do' h'nl Sands!- inos of 
!' J ‘i’ll it 'ti/li'it 

of a still liiirher type of In'iny than is imlioato.l l>v (lie-c 
: ijiiiiits are (he mammalian molar (oeth ami tVaene ni-^ '7 hnno 
• oioereil a few years ai^o ' 1M7 by ProfesMir ITienine. r in the 
o iio-hiveeia of ’\Vnrti'nd)iir^f a siratnm wliieh iMaairs aneiie;- 
•!: ■ upper beds of thi' Kmi|H*r. .and oeeupyinp: maarly the ;~ame plaee 
ilii‘ >\ stem as theeelebrated “bone bed" (if Ansi and A \nminh. 
Iho'e remains are as yet nniipie. and frmii .all the lieht that has 
s 1 11 thrown upon them by lb- da-yer, .Mr W.aterhmi'e. and I’ld 
' --'r Owen, appear to be those of a wanmblondeil ipiadiaiped 
■i," i-ai'liest of its kind yet dt'teetial in the ernst dfthe earth, ami 
epihahly insi'ct ivorons. l’'roni ( his eir>aim.''(am'e. ami the ilimiini ■ 
toe size of the teeth, the creature has I'eeeivid tim ]irovi-imial 
line of ,I/nv'o/( s'A ,N‘ iinliijiniA uio'i'os, little, and he.i’t of 

' 'V , These “ i)om‘-breeeias ” that eapthe Keu|ier. I hin as they 
'll, are ia'p!et(‘ with (laheontolopde.al interest, ami will amply 
e I'ay tile student the mo.st miimti' and [.laiiistakiii'^' iiiVe..t leal ion. 


I’liysieal, (lea graphical, aii>l Industrial aspia t-. 

Str.ata, its above deseribeil— that is, strat.a (‘ompo'.ed oi 
ddish (.'lays and m.arls, (•(intainim/ de]»osils ot roek sall and 
-'p'Um, of dreyish shelly limestones, and varicj.iteil sand-lone;-, 
"1.1 pebbly urits - are found oeenpyiiiL' eiuisider.able are,i h iili in 

’b t)!d ;i|id New Worlds, 'riiey in patehe on (In- we tern 

' " '''S and isl.amls of Seotl.and ; mi the op|io.-i(e eo.a -t d I r. land ; 
'll dw liasin of tlie Solwav; and southward in nioic or h -- deter- 
'iinnit'* are.as to (lie Alersev, where (lie lonnaii"!i ineroe-iiii" that 
and notiee:d)le belt of iv<l sediments which streteln -, dia 
-"iially across the whole of KiiLtl.aml. Iroin iMirham mi tlm one 
I aid to South I tevon on the ot her. (tnthet mitineiit it peeiipn, 
-dll wilier anaas, as in Eastei'u France, Smi1he?ii and Northern 
bei inany, and in the reydon of the .Alps ; while soiim >4 it - mo t 
^i druetive featnnts are exhibited in tlm States of .M.a-.aehu-ei m 
‘‘’''1 (Amneetietit in North Ameriea. Ited s.aMd.-.tom- .and m.arl,-, 
ih']'‘"'vntly of the .same a^m oeenr also in IVr^ia. .aloim' the Itidu', 
d New liollaud, and in Central ami Soutlierii Africa. 
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2 ^ 1 . Tlie ifjneons rocks .Tssociated witli tlie system ,Tre idcnti 
Y'itli tliose that break throusjjh aii(l(lisj)lace the Permian strata 
beiii^Mlykes and erujdive masses (no Uitaceons interstratilicatii : 
bein^ known,) ot auoitic greenstone, basalt, ])itelist(nie. and pit ■' 
stuiie-porpliyry. On the wlioh*, triassie districts are little \ ai ■ ; 
by trap eruptions, wliih; tin; p»redoininance of clays, shales, ai i 
soft sandstones, whicli have yielile<l readily and iinifonnlv tn sni,. 
sequent denudation, f^ives idsc; to broad level expanses, rather tfii., 
and uninteresting in their siqierlicial features, “ Sju-ead (i\a r. 
immense a space iii Enj^land,” says Professor Phillijis, "il, 
triassie system olfers tlu^ nunarkabh^ liu't. of never risiny to el, \ ; 
tions nmeh above SOd had — a eireurnstanee ]>i-(d)ablv iiet exp: 
cable by the mere ereatiuLT of these soft ror’ks by tloods of wai. r, 
but dim to some law of physical .o«‘(d(»<.rv yih unex]»laiue(|, M 
oidy e;ui eonjeeture that it is eonneete(i with the repose of Mii' 
teri'anean forces which ])revaile(l after the violent commotli ie i 
the coal strata., over nearly all Europe, till the tertiary epoeh," 

2:12. Larrpe areasof E-aneashire. Cheshire, and Statford. partak 
of this tlat and uninterestim; eha?‘aeter ; and such, no douht. ^ 
the i^oneral physical er,v,)irraphy of the system. Still, theiv ai ■ 
tri.assic disti’icts on the verges of the oldei’ formations, as ix 
Shro])shij'e, in Warwick, and South Devon, whose tumbling ir 
diilations and verdant, slo|»es are far from devoid of be.aiity .•n. 1 
amenity. Over the samlstones of the system the soil is oeca.'i' 1 
ally lidlit, and of little value (Warwick, Nottingham'; and tl. 
retentive shales sometinu's form the bases of extensive iimras'' 
(South Tj.'inc.ashirei ; but L^enerally spe.akintf the d('com])osi‘d ni.ii!- 
havt' given rise to ;i stilf but not unfertile clayey loam, aj)pai i iii i . 
better lilted for past ur^ (( 'heshire, the vales of 'raunton an! 
ExeteC than for the requirenu'iits of tillage and corn culture. 

2 dd. llevicwing the vvhoh‘ ]u‘W red .system— its sand.•^tolle^ 
shales, magiu'sian limestones, g-yps(>ous. s:dif(‘rous, and cupiafereic 
marls, its ('omp.aratively few plants, its marine shells and linin', 
its n'ptiles and fo.ssil footjirints, and its gener.ally Hat and undi'- 
turlu'd ])osition 'We .are reminded of <piiet shallow seas, of in m 
tinged rivers, and of <‘stuaries studded with lagoons and nni !• 
b.anks. The finely-laminated marls and copjier shales give e' - 
<lence of tran(|iiil dej)osit ; the footjuants, of mud-b.anks dri' ' 
and b.aked in the sun, over which birds .and laqdiles tr.i versed tC 
the next return of the waters ; the gyjisum, rock-.salt. and nia. 
ncsi.a, of highly saline water.s, subjected to long-continued e\ ap' 
rations, or at le.ast to some chemical conditions (see Pee.a]»itu! i- 
tion) favourable to the ])recij)itation of these .abundant salts : ai! ! 
the ])resence of iron, cttlonring less or more the whole strata 
together xvith co])per in many of the slates, ])oints to iinpregn e 
tions by no means favonr.able to the exuberance of marine Id' 
The remains of arborescent ferns, cycxideaceous and palni-lik ' 
stems, together with the skeletons and tracks of huge lizard-lik' 
rei^tiles, bes})eak an arid rather than a genial climate, and a want 
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('onditiniis which gave hirth to the exuV)erant vcg.'tatioii 
. (h,. on;il era. 

‘.rjl 'I’he indu^^trial products yielded hy tlie system rire s:niil- 
of various (|u;ilitv. ealoare<nis llaLrstoiies. limest.mf. i:v|.sum, 
^Vro.-k-salt. Our cl'iief su]>])ly of salt, formerly ohtaine.l hy 
v ilinratioii of se.a-w.ater, is now i>ro<;uretl from the salt mines and 
I'nil' ^])rings of ( Mieshire ami Woreoster, whn-li annually yield, 
„,i -fii aver.age, fr.uii to iTiMKjO tons ..f ].r.paiv.l and 

niiritit'd salt. “ The Cheshire deposits of salt lie .almiu^ the line 
t tilt valley of till' We.aver, in small jiatelies. ahdut Nm ihwiel). 
11,,, ,V are two hells of rock-salt lying heiieatli hJn of , ■..Inured 
„,„ls in which no tr.aces of animal or vegetable fossils oeeur. 
I'i,,. upper hed of salt is 7 .") feet thick ; it is s.'parat. d Ir-mi the 
i ;,„r one hv feet of coloured marls, similar to th.' 'jeiieral 
i avr- and the lower l>ed of salt is ahove lOn teet thick, hut, has 
,,„vhere been iierforated. Whether any other l.eds lie heiieath 
those is at present unknown, d'hey eNleiid into an irregular o\ .d 
•ue i afiiiut a mile and :l li.alf in length, hy three .(uarters o 1 a mil.' 

i:,,a,lth.” The salt in these .h-posits is some! imes pure am 
traimnareiit, and at other times is ot a dirty reddish Ine*. am 
lai.ed to the amount of half its Imlk with earthy impuntn's. It 
i. iini stratified or laminated, l.ut divided into vertical prisms ot 
various forms and magnitudes, somelinms more than a yanl in 
.haiiieter-tlie outer sides of thes,> rude , rystalli.sat mn. heim 
MUTillv iiiire and transp.arent. 'Phe or s<ill >701//'/^ v hn li 

efteii is.:ue from these deimsits. contain trom to t-i p.'f 'Viit .. 
sik.and are doubtless derived Iroiu the sulnlion ol tlm solnl 
iii:i'se,s by subterraneau w'aters. 


NOTE, RECAPITDI.ATollV AND KX I’LAN ATolA , 

• 2 : 1 , V Tl„. svste.n .l,-s./.-il«..l in tl..' |"■. li'JS l.--.p-'.0’l.^ g' 

II: Ili.i nii.ii. c.r .v,l.lisb .■biyn mU ...•■‘Hm iisniillv si.l. •■ ■-h ll. 

laminated limestones more or less magnesi.in, -ini y \ .i ^ 

od and whitish ipi;irt/ose sandstones v it 1 1. 1 ,.,1 

j.. hilly congloiiierate. Brietly tabulated, it p " "p ‘ ‘ ,j|. 7 i-ked 
•iml on the continent of Europe, the tollownig NMll .muknl 

Eiujlan'l. Geniwni. 

Viiricgatcil marls. Keu])er. 

^ ... Musehelkalk. 

Variegatod Sandstones, hunter Sand.stein. 

it lias received its name, Trias or Iriassk., wp. 

‘*1 the three members so clearly developed iii 
gvuonyiu “Uri’ER New Keu” is suthcieutly < s 


J'kuk'i’. 
Marnes iri'-ee.'. 
(’iileaire e...|Uilii'. 
(Ires I'igai 
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place En,£Clish strata. Its fos.sils are all of wro/V tv] , 

and thouu^li a lew jxdnt to rcriiiiaii aiialo^nies, tlie itf iitiii, . 
idciiiitics there l)e, are to be soutj^ht aiiiong Oolitic ratlu r ij 
among Talao/oie strata ; hence the reason of its st 
as an in(le|)eiideut life-])eriod from the great “ new red saini^t- : 
formation” of the earlier geologists. Though the aecuninlatii i. 
such masses of rock-s;dt ('chloride, of .sodium) be still in > ,, , 
me.a.sure an unsolved problem, their oceuiTcnce in conjdii*! ; 
with gypsum (sulpliate of lime) and with magnesian linn '^li !. 
(carbonat(!S of magnesia and lime', less or more, tlnduglinni a 
whole new' red sandstone sy, stem, would seem to indicatt' pcri;i ’' 
marine conditions conditions (»f shalhAv laud-loek('d bay.- v 
lagoons, ]>eriodical isolation of ccrt.ain areas, and again ti, 
submergema; ami rt.'ception of ferruginous mud and ela\ oh 
Over the eidire area then' ai'c no marked manifestai i 'li ' 
igneous action, and yet the abundance t»f red .sediiuciito i 
])eeuliar chemical t'omposition of m.any of the strata, and tla ‘i 
<pient oscillations t>f level, would seem to indicate the cNisIriir, .■ 
such agi'iicics, if not in a suppres.sed condition, at hast in tm. 
trial eentf't's at considerable distama' from the seas of di p i 
'rini jinwalenct^ of red saliferous sediments, ami the almo.^t a n. 
ab.sencc of marine ex u via- from such stmta, are among the in ■' 
noted fea.tures of tlu^ system; and yet nothing can be ehoi ■ 
than till' oct'aide nature of the deposit, and the long-eonlini:’ 
action of waves and curreids in assorting and .arranging its r • 
terial. 'I'o account for this apparent auom.'dy, we must siiiip 
('ither that the waters were too highly chiirged with saline . 
miner.'d ingredients to permit of the development of life, or lliv 
the nature of the strata was untittcd for their suliscijiicnt po . i 
vat ion. AVhichever view is taken, the fact remains, that 'IVia" 
sti‘;it,‘i .arc only fo.ssiliterous over partiid .are;is ; and heiiee i' 
diiliculty of determining to which ejioch ( IVrmian or 'fri: o 
many red s.andstoni's .-ind marls <lo really lielong. The natui' ' 
the imbcdih'd plants and aniimds, so far as tlieir ])ancity v ill [" 
mit us to decide', appe.-irs to ]»oint to a somewhat hot ami ai ' 
climate - to insul;ir r.ather than to continental are.-is of disjn r-i' ' 
■to shallow estuaries, lagoons, and lumbbanks, where gig'm' 
wading-birds and amphibious ri'ptiles found subsistence on -li' ' 
llsh, crustacc.'u st.ir-lishes, and tishes, and left their tracks on ti 
sun-baked mud, as evidence of their forms and of the kind of lii 
they led on the shores of those jirimeval Avatei-s. 


Origin of Reck sjilt. 

2110. .As already stated, the formation ot such chemico-nuo k 
ideal prci'ipitates as rock-salt, gypsum, and magnesi:in limcM"' ' 
has given rise to a great ilc.al of ingenious speculation and li}T ' 
thesis. The chemical difficulties connected with the origin ct 
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have been not iml in tlie juareilinu' t'liajH.T ^]iar. ; 
ill,- f.iriiialioii of I'oek-.salt ivinains imidi In tlu' .sniif .sdrii! illc 
licamrtit. Ti\(! sainlstoiirs ami niails w iili wli'u-U a is n.ss,.. 

as they the lim-s ami laiuiim- of ih']M»ition 
evitlently the result of setliim-nt in wnler ; Iml the irre- 
;iii iiity of the salt huals, tlieir variable thiekiies.s. iima en sui-fa-'i n 
luh'' prisniatie crystallisation, ami eainaiaons oi-eiirieiien aiiiono 
;i:r^.lher strata of tin; system, as wa-ll as the soluble iiat uit ol the 
,• iiiijiuuml. all ]M)int to a somewhat ilitlerenl origin. At ]nv ;ent, 
Slit lakes ami superficial aeeiimulations of salt oeiair in \arions 
of the worhl, ami these in sonu> measure supplv ilala for 
1 . .ooiilnc: as to the saliferou.s tlejiosits (if earlier era>. S.ilt lakes. 
fr;ue ]»ools, ami salinas are supplied eliielly by .saline spi inu^>. ami 
1 m in.: sulijeeted to flu; vaporising intluema; of the sun. whieh 
raiTies olfoidy//'(.s/f. vapour, their waters beeonie in time suiier- 
Maturated wiili salim* mattei'. or it maybedesieeai(;dentlreU — 
i'liviiiL: incrustations of various thiekiiess, as in the salt lake^ of 
A'ii -Minor, and aloiii: tin; coasts of India; in tin- natron beds 
ef .\friea ; and the salinas ; nil rates and muriates of soda of South 
Aiiieriea. Ihil evenw'here entii'c desiee.atioii does not tak(‘ place, 
vatef can otdy hold a tixed amount of s;ilt in solutieii ; and ;io 
S'ldii as this amount ii^ittained, the salt beeins to fall to the 
IhiUoiu by its o\vn (rravity. In the (‘onr.se of a;.,u-.s, thcM' layers 
wilt I'orni a thick bed, interstratifie(|. it. may be, with mud or nt her 
'■artliy sediimuit, and if the lake or valley lie uliiinatel\ filled U|i, 
tlie salt suliji'cted to ]trc.ssur(; and internal crystalline arranee- 
iiieiit will constitute a mass precisely aiialo;^'ous to the rock .salt 
the new red sandstone. Such is the pi'oee.ss which man\ 'ieo 
1 '-'i>!s have ad\'am_‘ed t(.) ai.vount for the formation ol roek 'alt, 
l'aji|Mi>ino that, in addition to the loe.al aeiaimulationsof sail lakes 
■'iiid .salinas, etu'tain areas or layuions were oeeasionally cut, oil 
ti'iiii eonnection with the, main siaa of d(;p(»sit, and subjecti.'d to a 
i‘''l'id ev.aporatin;^ power without reecivin;' Iresli aece,-,.sions ol 
"■-'iter, repetitions of this ]>roee.ss, arisinyf either Irom periodical 
"\erll-)W.s, or succi‘ssions of elevations ami sulum'ryu'nee.s, are 
^''iliii-ieiit to account for the tliiekest aeeumnlation. .(ecoiilino (o 
bii.' vl(;w, the repetitions and thickness of the loek-.salt,^, marls, 
tiiid sandstones become a mere (piestidi ot time -an idi iiient 
whii'h knows m.) limit, and can only be rmiejldy ^me,-,sed at liv llic^ 
inaeiilt ud(:! of O(‘()jooic:il operations, d he circumseribed an ius ol 
t'"“k-salt basins, .and the eajuaeiou.s thi(-*kness of tin; beds, seem to 
fo'our such a theory ; and when wa; con.-'id(;r tin; Inapieney ol 
'hslurbanee by subterraneous forces in earlier aya-s, ami tlie tact 
*'1 in.iiiV ofthe.se de]>osits occurring near to or in eoiineetion willi 
a ves of elevation, it is inoia.; than jirobablc that igneous action 
^t'ld In do with their forination. If sueli were the origin ot roek- 
it must have been formed during the deiswition ot otln r sys- 
b'lus ; and this geological rescari-’h lias cuiitirmcd, for although 
hie most extensive accumulations do occur among the sumhloncs 
M 
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and slialcs of the system niuler review, still deposits of cond'l 
able tliickiiess are found in connection with oolitic strata 
the Salzhnrfif Alps, with cretaceous greensands as at Cont iv;! 
Sj)ain, witli tertiary marls as in Sicily and at Wielitska in I’elaijl ; 
and salt springs are known to issue from carboniferous aial dlLr 
strata. 

2:{7. Notwithstanding these facts, it must he admitted tl,- 
(leology has not yet arrivial at an altogether satistactorv tlit i r.. 
The gK^at tliickness ol sonic of the salt beds, thidr conip.irat:; 
])uritv and liomogeneity ot mass, .an* results ap]^arently beynnd i' 
](roduction of any known operations in nature; audit they.; 
find their analogues in .any degree, w<! must look more than w ■ 
have hitherto done to llie chemistry and ]»hvsical geograpliv f 
the oce.an for a better .solution of the problem. It must also 
rememl iered that we .are too much in the habit of overlook in jlh ' 
etleets of “ metamori>hism ” or internal change in the roek iiio-^ 
of the solid crust. Subjected as they are to enormous ]>ivssiir., 
to a high(>r and more uniform t('m]>eniturc, to internal ehenii.'il 
and nndecular change, to .'ipproximatioii by percolation, and i-' 
the ince.ssa.nt transmission of m.agnetic currents, it m;iy be tli.r. 
1U‘W segregations .and structural ;irrangements .are contiimn! y 
t.aking pljice — ami this more rapidly .'ind ^tcnsively among rm bs 
of senli-clu*mi<^a,l origin, like limestone, coal, rock-sidt, and gyn* 
sum, than among thost? of mere me<*h:mieal .aggreg.ation. 1 ^ 
has been the ;iniount of this metamorphism or intcrn.’d ehnn:- 
during the lapse of ages, we h.avc no direct means ot ascertaininL', 
though the universal ami unfailing mature of the agencies un- 
doubtedly imjdies something much more extensive and decidoi 
than is usually allowe.l for.' Until .all the.se matti*r.s, ho\ve\yi\ 
are more familiar to science, geologi.sts mii.st rest contontc'd \\it!i 
merely indicating the line of rea.soning that .seeims to ie.adtoa 
.satisfactory solution of their jirolilem.s. 

That such is the. real state of this interesting but ditTniiC 
<|uestiom the student may further gather from the annexed ei.in- 
ions of i’roti’ssor Fhillij>s .'iiid Sir Charles Lyell : “ The sail .'iiid 
gvjisum,” Sivys the former, ‘‘ usually associated in this rcmarkal'l ' 
system present also their ilitliculties. Not that it is hard to sup 
})osi‘ the watei-s of the ancient sea to have been so evaporated J' 
to pi'rmit tii-st the cry.stallisation of sulphate of lime, and fin dlv 
of muriate of soda. But in this cA.se we should expect to line 
almost uniformly over the whole are.a regular strata ot gvji^ni i 
below, and regular layers of salt above ; while in t.act. W(‘ ns e 
commonly find salt in great broad m.a.sses rather tli.an ]>e<ls b.i"J'. 
and gypsum in scattere«l m.'isses aVxn'e. A general dryiiig ot tli' 
waters in which the salifei-ous system was tleposited is ]d:iimy 
inconsi.stent with probability ; and we must have reeoume 
local c;iuse.s, sometliing analogous, perhaps, to those which ini- 
enced the deposit of the primary limestone | n.aniely, develoiuiit n^^ 
of siibterrautj;iu heat, which directly, by change ot temperatuio 
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„r by intermediate chemical n,L^mcii>s, rtMidcrcd tl\c cabwivoiw 
jiKiUta- insoluble over limited areas]. It mav b,> eoii.-eivalii.' that 
the solubility of muriate of soda in wat.-r is eai-tiblo ,,f 
timi throiit^h the admixture of other suhstauees iu the li.iuid or 
through theetfccts oforeat]>ressure, or of prossure and boat ('.'.m- 
himd ; itmaybemaiutaiiicdthat the limited dei.osits of salt hap- 
pened ill sejiarate lagoons ofthc sea, exi>os.-d to Ineal desieeatio,, as 
p. diapis in Cheshire. Lyell has still a diflbrent an<! less ].i-oha'b!o 
view ot the subjeet. Ail these ex]il:m:itions assnme that tlir salt, 
wa< produced directly by erysltdlisation, tbun waters aliimst 
l«rfeetly :mal.*gous to those of tlie actual seas; an asMuiiptioii 
-tPiiiudy eonfiruied by the recent, discoviuacs comieeted with 
froinine and iodine [viz., tlie ditfereiit ratios of solnliility p.w- 
sensed hy the hydrobromie and hydriodie salts, coiujitnael wiili 
that of coimiioii salt or chloride (d sodium |. Further researelies. 
Initli cliemical and geological, must determine these and other 
theorie.s; and, in particular, we must be more exa.ilv intbrnied 
nfthe ancient hydrogra]>]iy of the sidt districts, whieli iu almost 
' Very instanco must liave been very dilfeiviit from theii- present 
tciiographical features.” Tlie fol|.■.winL^ <>11 the other hand, an; 
the views of Sir Charles TacII. to whieli ih-ofess.u- I’hillips above 
alludes, although it is Ijiit right (o add, that in tin- last edition of 
hi.s “ Manual,” Sir Cliarles gives the grounds of both theories - 
yoleanic and solar evaporation without a|»parentlv a<hplii)g 
either. “ Ihe gy]>sum and saliiu^ matter, ” lie wiates, ‘‘<iee.asioii;iily 
‘Utei'st ralilied with red clays ami saiidstoiies of various aaos, 
ITiinary, secondary, ami tertiary, have been thought ly some 
it'cldgists to he of voleanie origin. Submarine ami suhaerial 
'■xhalatioiis otteii occur in regions of earlli<|uakes and volcanos, s 
tu’ iroiii })oints ot Hctual eruption, ami charged with sulphur, 
'ul[)liiirie salts, and with common salt or muriate of so.ha. In 
'C'ud, .such ‘soltataras’ are vents by wlueli all the produet, s, 
''hieh issue in a state of suhlimation from the craters of active 
'elcnnoes, obtain a pa.ssago from tin; interior of the earth to the 
uu'faee. That sueli gaseous emanations and mineral springs, 
iiiipreguateil with tlie ingredients before enumerated, and oftt-n 
citen.sely heated, continue to How out uiialtere<l in <'()iiipii-itiuii 
■UkI temperature for agiis, is well known. I'lil before \ve can di'iade 
' ii tlieir real instrumentality in piaiduciiig in the eoiir-i ef -iges 
Urtlsoi gypsum, rock-salt, and ilolomite, we reipiire to know nmre 
!’i'>peet iii<r fljy chemical changes actually iu ju’ogress in seas where 
'''Caiiie agency i.s at Work.’’ Such are the guarded expre.s-i'ajs 
>ir Charles with respect to the “voleanie.”’ hypothcr-is ; lea' is 
t'- iiinr)' decided as to the ‘Mivajtoratiou ” proci-.'S, though at tli’.-'t 
'’-lit he .soems to incline to the former, as alhirding the re.elir.t 
‘’id iiKist satisfactory solution of the dillieulty. 
yjl). Iu following out a more detailed iiive.stigat iou <ifihe 
n.assic system, the student will derive a.'^.-^i.'taiiee from a jierii sd 
lollowing aiithoritie.s : — Mtuioirs of tin (iolo-jiriil .s/o e/ y, 
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vol. ii. ; A\h(!v[iH M()no</raph ties limiter Aandutcins ; Mi ] 
laud’s ]Kiper iu tlic (Jt ohxilaij 7V<//i.s^/c//o?/,s, tuj^u.dlua' wlili \ 
ous eouirihiitiuus on iho English d’ria.s in tho .snino m! 
hy Slriekland, Ihiokland, and MnrehLson ; Mr Urnu rud In 
Qii<trf<‘rf i/ Jonnial of Gcolm/i/, vol. iv, ; rrnjhssor J litclii u, ' 
the (f (he A /iuo'iam Acndcr/iif, vul. iii., N.S. ; Sir 

Jardiue’s Ichnolonji of Aiinniidolf ; and rrofessor Lea’s /’ 
Footmarks iu the lied Fandstoues of roitsvdle, Fcnnsfcoii i': 



XV. 


iili; 001, [TIC SYSTEM, EMT5EAriNn THE I.lAS, Till: ooLITI', \M» 
M'EALDEN (lUOri’S. 

:'!o. Whatever douht iiiny Ivo an <n llic ciEifli nf 

Miiiif of the triassie strata, tliere can ho noni* as to tin.; liinlo^oo.il 
n latioii.s of the system \ve are now ahont. to eoiisider. Wr have 
I'Vod iIh' Itoumlary, as it were, of tin; ohli'f reeks, and ha\'e 
t ally entered npon tin; upper or yonnyrr seeundary foi'in.at ions, 
"r. sperikino paheoiitologieally, wt‘ have Iraeed tlie history of 
O'-nis \vlios(‘ fossils are all of Ikala'it/.oie tvpes. and now proeeoil 
lnU‘!’[irel tlie records rd‘tiiose, that an- iiiiiiii'^takadily Me-i./,nie. 
The oraptolites and Iriloliiles that crowded tin' Silurian seas 
li'iw vauisheil ; the pteryooliis, jderiehtlivs, eoecosteiis, .and 
plialasjHS of the old red saimlstoin', have died away; th" 
d.'iilaria, stiyuiiaria, ie|)idodendra, and ealamites oftheeoa! period 
■Te How no more repealed ; ami the heteroee're.al form h.a'^ ee.a'-ed 
he till' universal characteristic of ichthvic devciojunent. Other 
Orins now take the place of the deparied species forms still 
'•'idely ditferi'iit from existing; r;n‘es, yet more akin to thnii than 
'V' re those, of the paheozuicf'pochs. Tim t Hassle sy'^tem, .a - already 
o.'ited, is eonsidered as niarkiiitt tin* d;iwn of this m w eyrie oj 
hi itjo— ;i eyele whose types attain the meridian of tlmir ih vi lop- 
iiii 111 duriny the deposition of the oiditie strata, and die away, as 
"e shall afterwards find, at the clo.se of the eretaei-oim or chalk 
''■'ti'in. Ill thus attaehino hiydi imi)ortauee tofossils as exponents 
"t the [last conditions of tlie world, litlndoyieal and phy>ieai di"- 
tuietions must not be disroitarded. Tlmre are laets freipmiitly 
hi’oiioht to lij,dit, and truth.s explained hy the eomjio ilion, 
'''I'lieturc, and stratie;raphieal relation of rocks, wliieli no pin- 
t'l'iiiii of fossils could ever inteqiret; and In-re tlm .'tudent 
Temlnded that, however attractive paheoritoloyiea! di-euvi rie-^ 
uiav be, they are only of true geohmical value when taken 
coMuectiou xvith chemical, mineral/ and mechanical eliarac- 
h-'ri,stic.s. 
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211. Tlie system about to be described i.s more typically (](- 
veloped, and lias been more minutely examined in En^flaiid tlian 
in any otlicr region of the world ; and there it consists of thin* 
well-marked gron])s, the Taas, the Oolite, and the Wealden. In. 
deed, so clearly defined are these ^awips that they are soiiiflini.N 
treated as independent systems ; and were it not for C(.‘rtaiii 
as well as lithological resmublaiices that pervade them, this enurse 
Avonld in many resj)octs be ])referable. It hasalso b(!en jn-nposcd 
to regard the lias and oolite as one inseparable Oo/t/ia system, ainl 
to class the Wealden as one of the sub-groups of the CiYhicfnii.- 
era -an arrangement that is snpi»osed to exhibit more clearly tlie 
peculiar phases of lower and ujtper mesozoie life, Hucli divisimi':. 
however, are in a givat measuri! arbitniry, and wo refpiire [n 
know moj'e minutely than we do both the ])alieontology aiil 
lithology of the Wealdim strata in other countries before any 
permanent decision can be arrived at. In tlie mean, tiiiu' tlit‘ 
progress of the .sci('nco will Jiot be retarded by regai’diiig the 
Lias, Oolite, and Wealden as jmrtious of one gniat system- the 
stndent bearing in mind that several of the, lower wealden stral;i 
eontain species identical with those of the Uj)per oolite, while 
many of the speeies in its upper beds arc })roloiiged into llc' 
greensands of the cretaceous .system. 


Litliologic.al Composition. 


212. Adopting this view, tlie Oolitic AS'y.'f/m may be said to 
comprehend the whole of those peculiar limestones, ealeareous 
samlstoni's, marls, .shales, and elavs which lie between the new red 
sandsloiH! beiit'ath and the chalk formation abov«'. And houever 
similar th»‘se strata may be in some features, there is no truth in 
geology more fully estaldished than thhs, th.at wliere the systom 
is eompleti!, the argill;u’eoiis laminato<l limestone and sliales 
termed the //os constit ute the lowest group ; the yellowish 
granular limestones, caleaivons sandstones, sands and elavs 
called oolite, the middle gronj) ; and the greyish laminated cla\ s, 
with subordinate layers of limestone and tlaggy ferniginons sand- 
stones, the Wciddcn or upper groiij). Taking these groiqw in 
descending order, the following synopsis exhi]}its tlieii' snh)- 
divisions ;is typically developed over oxten.sive areas in ]'lng- 
laiid : — 


f Weald Clay. — Greyish or bluish laminated clays ini- 
I bedding ceiicroLions of imnslono, tliiu layers of argil- 
I laceoas Jimestone, amt samly furrugiiions ll;igs. 

WEALDEN, -j IIastinus Saniw.— Sands anil sandslones IVeguently hr- 
nigiiioiis, with partings of clay ; Ixals of clay and sandy 
I shale more or less ealeareous, with sutiurdinato beds ol 
h liinestoiio. 
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LIAS. 


' PuRBECK Beds.— E stuary liniostonesaltornatiii.uf with sands 
and clays (foriuorly jrr(mi)Ltl wiLli tho \Voal<Ion). 

Ui’i’ER Oolite. — Coarse and line Kramo<l iKditic limestones, 
with layers of calcareous sand and coneretit»ns (l^oi lhind 
stone Olid Shotoeer siuid ) ; dark laminated clays, with 
fi;yj)sum and bituminous shale {Kiiiuinridije cUt;/). 

'Middle Oolite. — Coarsc-^iraiued, shelly, .and ei>ralline 
oolite, with calcareous sands aii<l grit {coral raij) •, dark- 
blue elay.s, with subordinate clayey limestones ami 
biOnninous shalo {Oxford rlaij ) ; shelly calcareous grit 
{h’el/oiraii roed ), with .subjacent bhu! clays. 

Lower Oolite.— Coarse, rulLly, and shelly limestones 
(rornhrasli)’, laminated shelly limestones and* grits (/mr.st 
viarhit)', sandy layers and tl'iick-bedded blue clay {lirad- 
ford rldfi) ; thick-liodded oolite, more or less coin] met 
and sandy {Hath or ipriU oolite) ; tlaggy grits ami oolites 
{Stour. f ltd slatr) ; marls and clays with sett marly lime- 
stone '{Fnllcfs I'lirt/i ) ; calcareous freestone, irri’gularly 
oolitic, ami yellow sand {Inferior ooliU). 

I Uri'ER LlA.s.~Thick beds of dark bituminous shale ; beds 
of jiyritous iday and alum shale ; indurated marls, or 
marlstono. 

Lower Li.\s.— Dark laminated limestones and clays ; bands 
of ironstone ; layei's of jet and lignite ; beds of calcuromis 
sandstone. 


i'13. It will Le pi'ireivml from tlu; preceding Hynopsis ili.'it the 
l.iAs or liiASSic grouj) oceiipie.s ilie lowest [toriion of tlu; system, 
;tih1 that it is essenti.ally eomjatscd of <lark .argillaceous limestones, 
imiisli clays, and Litiiminons and ])yritous shales. The nanu; lias, 
uliieli is said to In: a ]irovincial eoirnjition of the word/av.s or 
/cyr/'.v, I'efers to the tliin Beds in which its limestones nsually 
"I'ciir. ''The pticuli.ar aspect,” says Sir Charles Lycll. “ whieh is 
iiinst char.aelcristie of the li.as in Ihiglaud, France, .and (lennaiiy, 
i-'iiii .altern.atioii of thin beds of Idiie or grey limestoiu', with a 
liglil-hrown W(;atlieri;d sm-fact;, separ.al.eil hy djirk-coloiirml argil- 
kceoiis p.artings ; so that the (juarries of I his r<tck, .at a distance, 
assuine, a striped and rihboii-like appearance.” Oiua; .sticn, this 
Imuded .appearance of a lias clilf is not c.asily forgotten ; hiii itimist 
h(; rememhered tlnit the clays generally ]tredomin.ale, and th.at 
tliey eontaiii occa.sion:il l.ayeiN of jet (U* other co.al ij> l being liiit a 
lustrous v.ariety of cval), and liands of ironstone iiodnles or si'ji- 
ta.ria. Most of the shales are bituminous and pyritous, .and it is 
hot uncommon, after wet wa;atlier, for the Yorkshire elills, which 
lire cornjiosed of tlu;se beds, to ignite spontaneously, and burn for 
Several months. Besides jn/riins (sulplmret of iron), these shales 
hre impregnated wdtli siiljihates of magnesia and soda, with salt 
(luuriate of sod.a), and other .saline com[)onn<ls which indicate a 
luarine origin. Iiulet'd, the Avhole. Jispeets of the lias — its fossils, 
coiiij)Osition, lamination, and absence of pebbly conglomerates — 
are those of a traiujuil deep-sea deiiosit ; or at all cvent.s of an 
extensive marine ai'ca removed from the iutluence.s of littoral 
commotion. 
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244. As developed in Eiij,dand, the Lias ooenplcs a lult 
vamble breadth, extending from Lyme llegis in licrsct, iKutli- 
wards by Bath, Gloucester, Leicester, Newark, and (JaiiisboiMirrli 
to the linmber, and thence to the east coast of Yorksliiiv. T:ik?ii 
in Yorkshire, Northampton, and Somerset, the forniatl<iii ■ir. 
cording to riiillips) exhibits in dc.scending order tin? followin f 
details ; — 

1. Upper h'ax eUnj or shoJ<\ full of Ix'lomnitcs .an<1 other fossils, inuiv.i. 

latcd witli or <^ra<lu!ititii( to tho sands of tlio infcri(»r oolite, ami in suin.; 
cases containing nodules and bauds of linujstono. 

2. Miirhtonc . — A suite of calcareous, sandy, and irony bods, very riot ii, 

fossils, and nmch analogous to tho lowest beds of the lower on'jn 
f irrnation. 

3. L(nr,‘r UitK cl<n/ or sluih, full of fossil remains, intorlaminatod with bane-; 

and nodules of linicstono, (!s|iociaIly in the lower jiart, where a Cellrc- 
tion of these layei's constitutes tho lias rock. 

4. Lios rocL—A suite of laminated limestones, with |iartii)gs ofelay, bl'i.', 

grey, and white, the f a-iner in partieular eontaiiiin;t gryjtliitcs and oth-'!' 
slii-lls ; the latter usually devoid of ontaiiie remains. This roek is .smii.'.: 
times (smsolidatcd into a united mass, and sometimes divided inig 
separate portions. i 

C). Hone hed, and blue, black, or pnride marls, which cover tho new ii l 
formation in the south of England, and now regarded as the u[pir, 
(•ap|iing of the Tinas. 

215. Tiu> OoLiTK, as a group, eousists of more IretpieMt nlteni;i- 
tioiiH, ami is more varied in its composition than the lias. It ile- 
rives its name from the roumleil grtiins which constitute maiiv of 
its limestones- these grains resembling the roe or egg of a (idi 
(oo/i, an egg, and Itflios, .a sloiu!). (hditc is tin; general tciiii. 
though many of its liim^stoncs .ai-e not oolitic ; roenfoiir is snnie- 
times emjdoyed when the gnaiiis arc very distinct ; ;ind pisolifr or 
peastone {pinjim, a pea) when the grains are large and pea-liki'. 
The student must not ex]»ect, however, to find in the fiidd a iiiii- 
formil V of that romlike textnn' so prettily exhibited by liaml- 
s[)eeiniens in e.abinels .and mnseiims- tlic fact being that tlnoc 
are ])icked portions of .a system wbicli shows every gradation of 
rock from (me oolite to calcareous grits, and shelly ‘‘brastiv ’ 
sandstoiK's, A s a group, the Oolite jiroper may be said to consist 1 4' 
alternations of oolitic limestones, enlcareous grits, shell v conglo- 
merates, yellowish sands, and clays less or more ealcareous. Tlic 
])ceiiliai’ ro('-like grains xvliicli constitute tlie oolitic texture, con- 
sist either entirely of lime, or of an external coating of lime eol- 
leeted round minute particles of s.and, shells, coral, (fee. ; the grits 
»a.re composed of fi-:igments of sliells. coral, and sand ; many of the 
strata have :i hrecciated asjiect, lienee known as irnisloiirs ; ami 
.some of tlie shelly beds, on exposure to (he atmospliere, break up 
into a, ruhhly sandy soil, wlienee the iiroviiicial cornhi'm^h of the 
English farmer. Idke the lias, the oolite is strictly a marine de- 
posit, but its corals, broken shells, and grits point to shallower 
waters, to exposed bcaehe.s and .sandbanks, over which waves aud 
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onrrents spent their forces, ami wliich repeatedly olianged 
It.vel (luring the deposition of the system, 

£}{]. As a deposit of great extent, and taking jdace under such 
(’ia'iiinstane.r^s, it necessarily exhibits inmdi local diversity of com- 
pletion. Superimposed on the Lhis, it occupies in England a 
I, road parallel belt .stretching from Dorset to Yorkshin', ;iiid in 
this area has bticn more minutely examined than in any other 
n A"'- Arranging it into Upper, Middle, and liower scries, ilie 
I'.iIliAviiig tabulation .sufficiently exhibits its stratigraphical de- 
tails 


Uri'ER Oolite 
of 

Paiheck, Portl.aiid, 
Wilts, ItuAs, 
Iti'ks, 6co. 


.Middle Oolite 
ofOxinnl, 
htii-kshire, 
Yorkshire, &e. 


liOWER Oolite 

in 

(IloiKY'stcrsliire, 

Oxfordshire, 

•V'lrthiuiiptonsliire, 

&c. 


/ Purherh Bids. — lUin^ clays and laininated lime- 
stones, exliibithip^ according to Forbes, idit'i na- 
tions of fresh-water and estuary coudilioiis of 
d(,*iH».sit. 

Portland Oolifi\- Oolitic and earlityand (’onijiact, 
/ limestones will) marine shells, and layia-s of no- 
d dular chert. 

Skotonr iSiiiid. Calcareous sand and concretions, 

Kiniiiwriili/i; tVoy.— Tbiclc Idno clay, bilntiiinons, 
with septaria and ninriiic remains ; and, espin 
cially in the lower part, bands of sandy (xima e- 
lions. 

I' Coral Jla(j.—,\n ni^pcr calcareous grit with niarino 
fossils ; coralliiio oolite rieli in zoopliytcs (liciieo 
the name coral rag), and a lower c.alcareons !.';rit, 
with liandsofclay and marine shells. 

J Oxford Chi If.-- -\y.\vk filne and greyish clays, with 
\ .septaria and fossils ; sidsirdinato IkmIs of clayey 
limestone ami bands of shale. 

Killoiraif Iliir/r.- \ calcareous grit (rarely oolitic) 
Very rich in fossils, with a subjacent bed of blue 

V cl.ay. 

Cor III) rash ft'na’sfonc. A coarse shelly rock »d' vari- 
able and small tliickiicss, Imt remarkable cou- 
tiimitv. 

d'orcsl Marlilc. with concretions of sau'l- 

stoiic !in(l nodules of lissib.! .arciiacoons liim;- 
stonc ; c<)arsc sbetiy oolite, in some places slaty ; 
sandy clay and blue clay of Jh a'llord. 

(I'rval ijolitr. A ealcareons ami mostly oolit.Ie rock, 

I of variable tliickncss and eliangeabic nature, tlie 
\ U))per bods sliolly, tin.' lower sometimes laminated 
(Stonestield slate). 

Fulh r's IC'D th. A s(iries of marls and clays with 
inelmlcf] liods (»f soft marly or samly limesiom s 
and .shells. 

In ferior Oolih . — K coarse often very shelly rock 
of lime.stone, irregularly oolitic, oeeaisionaily in- 
terlamiiiatcd witli sand, esjiceially in tim lower 
l»arts ; ferni-gimms sand with concretionary 

V masses of sandy limestone and .sliells. 


The above presents tbe general sueecssion of tbe strata as do 
veloptal in the countie.s referred to ; but it must be oljseiw'iid that 
considerable ditferences occur even in the area of England, while 
it! Scotland, and on the (loutinent, the minor series are altogether 
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differently composed. The great groups, however, can in gniera! 
be readily co-ordinated, and little difficulty is oxperieiieed ia ,l,.. 
tonnining their place in the system. “ In the north of France, f,,). 
exam[)le, most of the groii])s acknowledged by the Fnglish 
gist, may be recognised as the lias, inferior oolite, jlatli nnlit,., 
forest marble, Oxford elay, coralline oolite, KiinmeridgL'clav, anil 
even the Portland oolite and Wealdeu ; and the organic reinains 
are either very similar or identical.” 

247. 'fhe Wkaldkx gj-oup-so termed from the “Wolds" (f 
“Wealds” of Kent and Sussex, wliere the de{)osit prevails ron- 
sisls chiefly of clays and shales, with subordinate beils of indu- 
rated sands, sandstones, and shelly limestones, that indicate an 
estuaiw or brack ish-water origin. Thin partings of lignite and 
bituminous .sliale are not unirequeut among the clayey strat.i, 
The group is of limiteil extent in Kngland and on the ('untlurul 
of Fiirope, wliile in other regions its ]>recise equivalents Inive imt 
yet been detected. As typically develo])ed in Kent and Sussex, 
the weahh'n seems to oc(ai].)y tlie sib; of an ancient estuary, vliich 
rcceivfHl the clay and mud of .some gigantic river, whose w.itcrs 
occasionally bore down llie spoils (d’laml plants and land animals 
to 1)0 entombed along with those of a.(inatie origin. 

248. Separating the Purbek l)ed.s, whieli were originally elasMil 
with the Wealdeji, llie group may l)e said to consist of two m.iiii 
members —the Weald clay ami J fastings sands, which, wlun 
analysed, exhibit the following particular.s, taken in de-eeudiiig 
order ; — 

Weald C'/cy.— Tliick blue elav-s lirtving in tlio njiper part sept, in ia t I'ar- 
gitlacLMnis iroirstoiio, and in tliu lower pails bed.s of the .shelly li'u li- 
water linie.stoiie known as “ 8ns.sc\ niarhle." 

IJii'itljiffs «S’c«.r/.s'.— Fawn-eoloured sand and friable sandstone (llor.sliaiii 
beds); ealciferous sandsloiio.s, altia’iiating wil.li fiiablo and ciiiiuii- 
iiicrate grits (Tilgato beds): white sand and friable .sandstone altei- 
nating witli clay (Wortli sandstone); bluLsh-grey linieslone alteniat 
ing with blue clay and sninlstoiio shale, and some bed.s of ealcilereu' 
saudstoiio (.A.slibuniliam bods). 


Palaeontological Aspect.!. 

240. The organic remains of tlie system, as already .stated, aiv 
all M a.'iicoir — that is, belonging to genera and s^ieeies difl'ering from 
tliose found in the older rock.s, and differing also, tliough less iu 
general asjjeet, from tho.se of the tertiary and ])resent epochs. 
They are exceedingly mimerousand well preserved, and luu'e long 
and intimately engaged the attention of imheoutologists. A'kge- 
TAimi': Pi;jiAiN.s are frequent in all the groups, ami sometimes 
oeeur in such profusiou jia to form seams of lignite, jet, and coal. 
Tlie Kinimeridge bitumiuou.s shale known as “ Kim coal,” the car- 
bonaceous sliales, lignite.s, aud coals of ea.steru Yorkshire, the coal 
of Brora iu Suthcrlaiid.shire, of Kichmond iu Virginia, and .some 
of the E;ist India coal-fields, belong to the oolitic section of the 
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vvstein. Some of the marine deposits contain impressions of sea- 
utvils [hal ipnenites ) ; and in those of estuary origin (yiusdites, 
linvjmlitt'S, and other lowly forais, are not uucuinmon. Tlie 
ttrivsirial ordei's seem to indicate a genial, if not a trojiical cli- 
the more characteristic being arborescent ferns, as n/c/o/;- 
/'/•M, }>mij)tem, sphemj>terts, tiriunpterU, otopteris, &c, ; mono- 
I' .tyliaioiioiis leaves resembling tliose of the lily, agave, aloe, and 
jiini’-ajiiile, and endogenous stems known as mdoipuiitcA ; cycads 
i,]i])ro;u;hing very nearly tlu; existing cycas and zainia, iience 
tti'iiu'd ci/(vddf‘.% ztimdeSy jifentpinfflitm, pulmmmM, 'jnniostro- 
Ills, ; chara-looking plants distinguished as miindUtu^ (iuini, 
.y/ec/'ocoavVos (round berry), &c. ; palms {palmacitcs) ap[)arenily 
aliial to the ])andanus or screw'-pine ; and conifei-ons stems and 
fraLaiieiits resembling the araucaria, yew, cypress, thuja, &e., and 
liiiji'ti known l)y such names as anuicarites, (0/y>/r.s.sb///r.s 

and ilinjitcs. One of the most remarkable facts con* 



Rcsiiort'il At-i-x^ct of Oolitia 

Tr«.f>:m ; :i, Oyoas: i, i ;i.;ul:iiju;i : 5. . fl, Cainia : 7. Ar.i 

iieoted with the vegetation of the period is the oc*iuTence of dark 
l^amdike strata, locally known us the “dirt-beds” of Portland, 
and which must have formed the soils on which grew the cycas 
and other oiditic plants, though now interstratified with lime- 
stones, sandstones, and shales. “At the distance of two feet,” 
says ^Ir Bakt'Avell, “we liud an entire change from marine strata 
t" strata once su])porting terrestrial jdants ; and sfioidd any doubt 
•uise respecting tlie original place and position of these j)lantH, 
there is over the lower dirt-bed a stnitum of fresh-water limestone, 
•'ind upon this a thick dirt-bed, containing not only cycadcie, but 
dumps of trees from three to seven feet in height, in an erect 
position, with their roots extending beneath them. Stems of 
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trees arc found prostrate upon the same stratum, some of tliom 
from twenty to twenty-five feet in length, and from one to two 
feet in diameter.” 

2rj0. With respect to tlie Animal Remains, wo have represon- 
tatives of almost every existing order, with the. exce])lion of tlii; 
liiglier inaninialia,- -thus convincing us of the onward and iijiwai il 
j)rogrcsH of creation, but leaving us as much as ever in igiioraiin; 
of tlie means by which creative energy accomplislied its marvilKnn 
designs. Reginning witli the lowest forms, wo have s|)onnrjf,inii 
organisms, and tajpuia; foraminifera in the lias, us fin- 

//■o/nfew/( 07 V/.,an(l po/ iftnorphhm ; numerous zoojhvtrs 
more like the madrepores, star-corals, and brain-corals of oxistin;^ 
seas tliaii the zoojdiytes of the silurian and mountain limestones, 
of which the most .•ibundant are the imstnra, thfunnatifnia, vunti- 
iivalfkt^ and dijlhvi ; criuoids, of which tlie apiomnik ;[)eur 
encrinite) and the pcnfdcrinitc are the most frequent ; stur-lislit s 
like the asterias and ophiiira, of which the more common are tlie 
(islroperfrn^ and ampliiunt ; sea-urchins, as the 

ca/o/v'.s, liemicidaris, dladema^ and echinus; ^v•on^- 

like annelids, as serpidu and vcnnicidaria ; and Crustacea like 
the cr:iy-tish, (fstacus, eppridea, and lobster-like (jlyphea. Of in- 
sects a great profusion has recently been detected in the Stoin s- 
tield slati! and lias, roprc'senting, if wcare to accept the inijicrfcct 
fragments as sufficient evidence, almost every order -coleoptcrdiis 
muiroptcrous, orthopterous, dipterous, &c. Of these the beetK- 
like hujicesfiuiiiy the dr.agon-ily-like /ilicJlulium, the cercopidiem, 
and Id(dfidiui)} are perhaps the most abumhint. Of the test.uva 
which occur in vast jirofusion in all the groups we can only iidlio* 
a f(!W of the more characteristic forms, taking them in the usual 
order. The compound bryozoa occur, but not abundantly, in tk' 
lias and lower* oolite, and of these the most common are perhaps 
the cci'iopora, diastopom, and erkopura.m named from their ex- 
ternal arrangements ; the bradiiojiods arc reprcsentiul (and "f 
coursi' only in the marine strata of (he lias and oolite) by many 
s])ccics of (erf’hndidd, rlii/nroiud/u, sp{nfcr<(, and ({iscinu ; tl"‘ 
nionomyaria in the .same way by pccten, ostrea, gervillia, ucicidu, 
(ji'ppluva ; the dimyarian bivalves by /dyoriui, pholas, wo- 
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diola, cardimn, arm, pliohjdomya , and many others ; no ptero- 
pods arc known ; but the gasteropods are abundantly developed, 
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[):irtioiil:irly in tlio lias and lower oolite, and of these phnroto- 
iiiiirid, trorhns, patella, ceritfiiam, and alaria, may he 

Dolii'fil as yielding the greatest number of species. So cliarae- 
jciistic indeed are some of these testacca of certain mcmbei^of 
the frirmation, that the lias is sometimes tenned the “ gryphite 
lime, stout',” and for a similar reason one of the Jura oolites is 
t. rijii'il by Continental geologists “calcaire ii nerinces.” 'I'he most 
iviiun kable mollusca of the period, however, was undoubtedly the 
r,jih<tliipod()i(s, which seem to have attained their meridian, both 
ill (livt'rsity of foi;in and numerical amount of species, during the 
il('|iositiou of ih(i lias and oolite. Of these the amniamk (so called 
fruiii its rtisemblaiicc to the curved horn on the head of dupiter 
Amnion) appears to have thi'onged the watei-s in many hundreds 
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bi species, and of all sizes, from shells of half an inch to shells ot 
tlii'eo feet in diameter. The nauitJas, (oiciilocerax (crooked-horn), 
mill a few others, were the congenei*s of the ammonites, thoiigli 
not appearing in anything like the saine profusion. Gigantic 
cuttle-fishes were also contemporaries of the ammonite and nauti- 
lus, and have left evidences of their existence in the Ulmniles 
[hdemnos, a dart), which were the internal bones of these marvel- 
lous mollusca. Indeed, so varied and numerous are the specilic 
fornis of these ammonites (there being upwards of 120 si^ecies 
found in the lias alone) that it would re<puro almost a volume to 
describe the peculiarities of their configuration and supposed func- 
tional arrangements. The student, however, by the aid of a few 
entire spi'eimens, which can be readily procured, and a seetioii of 
the existing nautilus, will soon learn enough tor the purposes of 
generalisation ; the minuter details must be left to tlie professed 
pakeontologist and zoologist. (See Recapitulation.) 

251. Of the higher or vertebrated forms of life we have many 
examples of plaeoid and ganoid fishes, and of sauroid reptiles, a 
aingle specimen or so of bird {paheornis), and three or four species 
of marsupial mammals. The phicoids are represented by such forms 
as hyhodm, acrodm, strophodm (turn-tooth), (jamdus (enamel 
tooth), and asteracanthus (star-spine), the teeth and spines of shark- 
like genera resembling the cestracion of Austi-alian seas ; and the 
ganoids by teeth, scales, and other ichthyolites which have re- 
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ceivea the provisional specific names ofpyrao,/,,., (stro.,. t„„ri 
luhrrmlns (point-tooth), ew/wahns (i-reat jaw) 7, * ' 

thick trunk), MpU (slcililer <<^4: lepiS; 
tlji ike. 01 the reptiles tlierc arc .several form.s of tortoi* i !' 
turtle ; some seem to lioallieatotlie crocodiles, gavials i m,,,;,', ' 
aiKl ig,ian,as of trop cal climates, while otliem ’a"re ,,o m ; 
their structure and apparent moiles of existence that 
seeks m vain for any analogy in existing nature. Mndiu- ',7 
ciiciimatanais pla»utologista have Iiccii compelled to lulopt a 
arrangement oi these reptilia, subdividing them into di,',,K ” 
teirilile saurians) croeodilia, l,accrtili.a, ciialio.sa'uria (sea s.amia,.. 

I le oiiida, and ptcrodactyliila (wing-fiiigcred). Under ll„. V,,..; 
m ion we have such giginitic forms as the (f„r,.'l ,.J 

«e.dd saurian) the mri/,i/.„»iiirm (great saurian), and the miw„„ 
doi , so temicd from the .almost polfect iilcntity of the tcclli 
skeleton of a huge Wcaldcn form with those of the liviie- i.-mm 
ot ..oiith America Under the second we have the ertmw,,, », 
iminv“’ tf “ t'lmmurrn (perfect saiiriani luul 

r-Wo alT' // ;“ fc'v doubtful Ihriiis, a., 

dirt (.and KoWirtcs, while the sea aanri.aiis are represented In 
luraerous specie-s of the well-known ic/il/ipsmtru.t (ti.sli-liki' 
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saumn), avIioso skclotoua liavo boon found almost perft'ot to t1io 
smallest vertebra, ril» ami joint of the swimmirm pad.lle; tlio 
phuo.sdunts (so called from its closer resemblance to the Iriii' 
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Silurians) distinguished by its enormous length of neck, smaller 
lu'iid, and sliorter body and tail ; the p/iofianni.'i, an intermediate 
torm, ns it were, between the two former ; besides numerous de- 
tached bones, coprolites, ]iortions of dermal integument, and the 
like, which may belong to these, and it maybe to other unknown 
spceies. Of the turtle family we may "mention the 
p/<(/erinp, and pfcnrostrniou, which, with several other (omera, 
•iccur throughout tlie system, though more abimdantly'in tlie 
lias and wealdeii, while under the last division we have only tlio 
cimons pUrodacf^lus (jjferon^ii vf'mg, and dadi/lus, -j, linger), of 
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there are several species, all furnished with niemhrancoua 
appendages, soiiieihing like tht)se of hats, and ap- 
paritly for the purpose of enabling the animal to lead an aerial 



n well as terrestrial existence. Of these wonderful reidiles, 
which seem to have thi-onged the shallow seas and hays and 
la.'ooiis of the period, our s[)ace will not permit turlln'r meulion ; 
hilt so marked and marvellous a feature of the system do they 
Ihnathat the oolitic epoch has been not inni)proj)nately ternieil 
"the agt^ of reptiles”' — anti so abundant and well preserved are 
tlieir I’l'iiiains that almost ])erfect specimens are to be found in 
► very jiiiblic museum of any pretensions, (See Recapitulation.) 

'2.^2, Of warm-blooded mtvmmals we have evideiu'e in c( rtain 
jiw-hones, tec'th, and detached bones, found in the 11.‘tg.i^7 jime- 
sinins of Stonesfield, and in the upper beds of Ihirbeek, So t.ar 
;i> tlu; imperfect tragments will permit of a decision, Rrofessijr 
Oweii, Mr Waterhouse, .and other comptir.ative an.-itomists, are 
inclined to reganlthem .as the remains of small insectivorous mar- 
i^ui'ials, and this opinion seems now acquiesced in by the geiio- 
nlily of palaeontologists. More satistaclory (‘videnee, howevnir, 
is ilesirable ; .and in the mean time the student mu.st only accept 
the fact of the existence of warm-blooded terrestrial mammals 
during the oolitic epoch, .and regard as ])rovisional genera the 
'iiiil^luthrrlnni {amphi, doubtful), the phiim-<>h)(ln-nim. {pluhkolm^ 
aponeh), the spdldrothf rhim (spahi.r, a mole), and the. .sVc/Toyyof- 
solid-jaw), which appear in the published lists ot its fauna. 

2.''i:i. In the prect-ding p.aragr.aphs we have indic.ated only the 
L'cneral paheontoh.gy of the epoch ; th.at is, pointed out the lead- 
org.'inisins which occur throughout the lias, oolite, and wealdeu, 
‘I'i constituting one grc.at str.atitied system, rin^ student must 
renicinber. however, that each group is ch.ar.acteri.sed by its own 
peenliar fossils, and that while a general facies, or type, runs 
throughout the whole, tliere are species and even geiier, a th.at never 
pass the boundaries of the lias, while others arcy’estrieted to the 
wlite, or to the wealden. Thus, as might he anticipated, the 
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conillinc zoophytes and ccliiiioderms are found almost exelii>ivi p 
in tlio l()W(‘i- and middle oolite ; tlie^^reat mass of'tlu; iiis('('l ,li;tv,, 
a,s yel l)(‘(;n (hOceted in the wealden ; no marine bivalve, ni 
univalves Jieed he looked for in the estuary si rata of the \vra],l _ 
Avhihi hitherto the iehthyosaurus and plesiosaurus liave hi.ii 
yielded only by the stnita of the lias and upper oolite. L(K)kl[ia' 
.a^eiin at. speeilie distinctions, a little practice in the Held, nr stiiil\ 
of a welbarranjmd collection, will enable the observer to disciijai 
nate, for examjde, between the ammonites of the lia.s and thn.M i f 
the Oxford clay; between the terebratuhe of the lias and Ihi.,, 
of the lower oolite; or even between the trigonia- of the Inwn 
and upper oolites. Kaeh of these groups and series re{)ri'M“nts, In 
fact, a long period of time during which the vital iiiaiiih slatjii!;, 
of creation wei-e suhjeeted to the intluenccs of gradu;dly-vai \ in^ 
physical conditions each varying phase of condition being eliarai' 
terised by its own jieculiar species ; and this altogether ajuiri 
from tli(! local areas in which the several strata or series of strata 
were deposited. Thus, the deep-sea l)eds of the lias may he ex- 
])ected <(, priori to contain genera dill'eiang from (lio.'^e et' tlif 
shallower eora.I -reefs of tin; oolite ; while the sludls of sdine lainl- 
loekcal lagoon of the weald will naturally di Her from thuM' that 
lived in the hraeki.sh waters of its w'ider and more exposed e>lii- 
ary. it is for reasons of this kind -re.'isons Loth chroiubgiral 
and get graphical— that tlic fossils of the lias are often speeitieally 
dist inct from tho.stt of the oolite, and those of the ooliltdVoin tlie,f 
of tlie weahh ii,— though throughout Ihe whole there is a certain 
facies of rt'senihlancc that unites them into one great 2Iuldl> 
M i‘So::oic L ijc-I*eri<KL 


I’hysieal and Industrial Aspects, 

254. Throughout the whole of the oolitic system in EiighuJil. 

the area is marked hy faults and axial lines of elevation, ratln r 
than hy decided outhur.st.s of trap or iiiterseeting dykes of grt eii 
stomn There ap])ear to he no eoiitemporaiieoiis etlhsions ct 
igneous matter, and on the wliole, the strata n;tain much of their 
original sedimentary Hatiie.ss. “ The ])arallelism of heds over 
large ivgious,” says Phillips, “ the repetitions of similar rocks at 
frequent intervals, and the gradual change of the sjiccies of orgauiv 
remains through the whole seiaes, appear to indicate that the lony' 
period when tlie oolitic systeiii was deposited, was one in wliicli 
tlu' ordinary operations of nature were uninterrupte( 1 1 )y paroxysms 
of igneous violence. On viewing the whole series of these strata, 
aud eon, sidering the maimer in xvhich their outcrops follow om- 
auother, it appears tliat only a very few instances can be pointed 
out where any beds of the oolitic system are really uncoil formed 
to others of the same system below them.” In the north and 
xvest of Scothmd^ however, the detached patches of lias and oolite 
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^ upliefiveJ by granitic coni pounds ; and in France and in (}er- 
,*uuiv the ranges of til 0 Jura and Erzgebirge, witli their subordi- 
:>ieu-s of elevation and dislocation, belong to the peritul. In 
Vir tiiiia the Kiehinond oolites occur in a depression (d’ the granitic 
rocb ; and in India the (hitch oolites liavc been subjected to re- 
igneous coininotiou of ancient as well as of recent date. 

The physical features of oolit ic districts, more especially 
irkii'iwn to us in England, are by no means unpleasing- lhe 
iltt riiations of limestones and clays on a. grand scale producing a 
iiimsHlon of rounded ridges and sloping valleys. I'liesc^ uiidula- 
tiMiis arc very marked in some districts of England and France, 
ulirre the limestones, which have resisted denudation, compose 
•hf ridges, and the softer clays and shales the vallc.ys. (dompara- 
awl v speaking, none of these ridges arc of great height, thelowcu* 

.. litc rising in the midland counties of England to or 9i>() 

■; ,t.aud the middle, oolite to little more than 4(l()-and being on 
:i liiiiestone subsoil, are dry ainl tortile, ami present a m.aiked 
lit last to the stitf soils of the “coondos” and “wolds” occupied 
tv the lias and wealden clays. It must not be imagined, liow- 
, vrr, liecause oolitic districts' want tin* l.oldness and abru])tuess 
'1 priiaary regions, that they are altogether tame and devoid ot 
iivauty ; on the contrary, the steeper escari)mcnts of the oolitic 
ridges, rising in terrace -like fashion above the, green vales 
indnw. and occasionally furrowiMl by streams into wooded dells 
ind gorges, confer on certain districts of Fngland (Math, the 
t 'oitvswolds, vkc.) every (‘harm of rural landsc-ape. 

-d(l, The areas overspread by the oolitic system arc lathca 
iiiniied and jiartial. It is most ty|)ically devidopeil in England, 
where the lias and oolite pro])er occupy a broad stripe stretching 
tiniii Yorkshire to Dorset; detached jiatches occur in the north 
Slid west of Scotland (Erora, Skye, and portions oi the 

',v>teiii are spread over considerable are.'us in ( lerma.ny, Swit/.er- 
hiiil, and France, where the oolitic memlau-s are geiu'rally known 
iis the “ Jurassic system.” It is lound skirting the Apennines in 
llJily ; Hanking the southern llimalayas, and in (Jutch in India ; 
lud recently eipiivahuit beds, with workable sirams ot cords, have 
Ihih detected near Eichmond in Virginia.. Ovm- large areas in 
Eastern Europie and Northern Asia the iormation is altogether 
unrepresented; and no decided eipiivalents have yet been ex- 
'iiiiiiied in Africa or South Americ'a. With respect to the 
Wealden grouji, its existence in England is restricted to the 
'Voids of Ihissex’, Surrey, and Kent ; it is found on the western 
Coast of France, and equivalent beds havi; been detected iu Han- 
"ver and Westphalia. Eeyond the.se limits its existence is yet 
unknown to geologists. 

2o7. Respecting the conditions of the world during the deposi- 
tion of the wealden, oolite, and liassic strata, wo have already 
stated that everything reminds u.s of a genial, if not of a tropical, 
diniate. “The close approximation of the aniphitherium and 
N 
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phascolotlieriiim,” says Pmfessor Owen, “ to marsupial .v 

eoiitined to New Soutli Wales and Van Diemen’s liand, leails ^ 
to retleet upon the interesting eorrespondeuec between otlu r er' 
ganie remains of the British oolite and other exist ing forms ik,w 
confined to the Australian continent and adjoining seas. llei-,. 
for example, swims the ccifrachw, which has given the key tn tk' 
nature of the })alates from onr oolite, now recognised .as tlic 
of congeneric gigantic fonns of cartilaginous tishes. Not onK 
tf'!(/()nur, but living lenhraf uhv exist, and the latter alnuKkiDth. 
in the Australi.an seas, yielding food to the cestnicion as tin a 
extinct analo^mes doubtless di«l to the allied cartilaginous tisli. > 
calle<l armdi and psammodi, &c. Araucariie and cvc;ii1imii;s 
plants likewise Honrish on lh<^ Australian continent, wlu re m.ir- 
supial (piadrupeds abound, and thus appear to complete ;i iiictim 
of an ancient condition' of the earth’s surface, which has lui n 
superseded in our hemisphere by other strata, and a liiglier t\ iM' 
of inanimalian organisation.” IVifessor riiillips remarks to th. 
same effect- “ It is inteivst ing to know that the earliest ]ii;uiiiii;i- 
lia of which we have yet any trace were of the niarsu]tial (ii\: 
sio?i, now almost characteristic of Australi;i, the eoiiiitrv wlinv 
yet remain the trigonia, cerithium, isocanlia, zamia, tree-h'ni.rino 
other forms of life so analogous to those of the oolitic periods, ’ 
2r).^. “During the oolitic period,” continues the latter aiitlii- 
rity, “the arctic land w.as <‘overed by plants like those of Ih • 
regions, whose vegetable rem.ains have locally gtaierat^sl eo;il 
beds, adorned by coleoptei'ous, neuntpterous, and other ills(rl^ 
among which the Hying lizard (pterodactylus) spread his lilmy 
wings, 4'he rivtms and shores won; watche<l by .saurians iiioiio r 
less .amphibious (megalosaurus, igu.anodon), or ten.anted by rejitiho 
wdiich Ity im.aginative men have been thought to be the origiunh 
of our g.avials and crocodiles, while the sea was full of forms M 
zoophy ta, mollusca, articulosa, and Ikshes. Undoubtedly the gcii' - 
r.al im])rcs.sion, gathered from a survey of all those momnneiit.s 
of earlier creations, is, that they lived in a warm climate ; and'vr 
might wonder that the result of all inquiry has shown no tr;ii''' 
of nuiii or his works, did avo not clearly perceive the oolitii' 
fos.sils to be all very distinct from existing tv])es, and comhinol 
in such different ])ro])ortions, as to prove that cii’cumstances tlun 
j>revailed on the globe materially different from wdiat we n"'v 
see, and prob.ably incompatible with the c.xistence of those jdaiits 
and .animals which belong to the creation wdiereof man is th' 
.appointed luxad.” 

rndu.striallythe system is by norne.ans void of importance. 
Some of the oolitic strata, like those of Bath and Portland. Ihi'ie 
excellent building-stone, and are extensively used for that ]nir- 
pose in the south of England. The w'ell-known Caen stone is :ils" 
a member of the same group ; while paving-stones and roofing 
tings are obbained from some of its fissile .sandstones (Stonesfield. 
Colly Weston, &c.), and also from those of the Wealden at 
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I, I'k. aii<l other parts of Sussex. Both the lias and oolite limestones 
;iri' l V (juarried for mortar ; and the former, which generally 
I'Liiilaiii from 80 to 90 per cent of carbonate, with clay and oxide 
,,finiii, wiien well prepared, fnrnisli an excellent hydraulic cement. 
Mathles of various (piality are procured from the lower beds of 
liie Wcnld, in Sussex (“Sussex or BeUvorth marble’’), and in 
rurboek (" Purbeck marble”) ; and also from some of (he coralline 
Mill slielly oolites, as at Which wood Pm-est,, in Oxfordshire, whenc(! 
iln' tenn “ Porest Marble,” The finer kinds of lias receiva; a 
jiiilidi, and have been tried with indillereiit success for litho- 
^'lapliic blocks— the chief supply of wdiich has long been obtained 
)ivm tlie oolitic lieds of Soleuhofeu and Eichstadt, in the centre 
it the (lernian Jura. The pyritie clays .and shales of t he York- 
>hiiv lias yield on [)roper treatment sulphate of alumina (the ainni 
of ccinnu'reo), which at one time W'as .also obtained from the 
KiiiiiiK i'idge clay ; and during the sidphur monopoly of Sicily, 
Several ])at('iiis were taken for the extr, action of sulphur from the 
siiiic pyritie (sulphiiret of iron) liassic strata. Fuller’s earth— 
uiiicb is essentially eom])osed of silica, .ainmin.a, and about 21 per 
iviit of water, and like (ttlier aluminous in.arls possessc.s in a high 
i!( i;rec the property of absorlting grease- is a product of the upjxT 
"ilitc, and w.as at one time extensively used in the cle.aiising and 
M'curing of woollens. Iron was .at onetime extracte<l fi’om tlu' 
ii'dules and pisiform iron-sands of the Wealden ; ironstone of 
""rkai)le (piality occurs in the oolites of Yorkshina and has long 
b.'vii gathered along the shores of the s.anie county from tin! waste 
' t'the lias clill's. 'I'he grc.at ironstone treasury of the, system, how- 
"vcr. is the “ Lias band” of Yorkshire. “Within the last few 
pars,” s.ays Phillips, “this band, often K! feet thick, arid of good 
'i'lalil V, has been workcal to great advantage at Eston, :md other 
l’"iii!s in Clev(,'hand j where, we may add, it is c:re:iting (piite .‘i 
I't Vdlution in the .apj>earan(?e and industry of the country |, a,s wed I 
at (Iromont Bridge, in Eskdale. The .area under whiidi this 
bol be workc(i measures some hundreds of square miles, 
"illi an aventge })roduce of 20,()0D to .00,000 tons ])er aciaa It 
ht's out southwards, and v.anishes about Thirsk; but there other 
>i’"iistones ac(piire value in the oolitic series above.” A bitnmin- 
'"is sh.ale, or brown shaly coal, with a speeitie gravity of aliout 
b’12, and burning with a dull snnoky tl.ame, occurs in the Kim- 
lacridge clay, under the name of “Kim Coal,” and has been 
'worked for the extraction of par.afine, (Ivc. ; and jet (which is 
''^>in])ly altered coniferous wood) is found both in the waailden 
auil lias. Seams of coal, which .are sometimes xvorkable occur in 
the system, .as in the oolite .at Gristhorp, in Yorkshire ; at Brora, 
Cl Sutherlandshire ; at .seveival places in the (lerman wcaldens, 
koin 2 to 9 feet thick ; in the E.xst India oolites ; and not, ably .at 
ilichmond, in Virgini.a, where a valuable field extends .about 20 
^iles in length, and from 4 to 12 in bre.adth. 

200. To divest the student’s mind of the common but mistaken 
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notion (fostered by grandiloquent gcneraliaers on tlie ilesifrns f,i 
Providence, who never shouldered a geological bag, er uii 1 l,|i 
a hammer), that coal is only a product of the carbonifcious 
we transcribe tho following from Sir Charles Lyell's desiTiptiMi 
of the Kichmond coal-field : “ Pheae Virginian coal-nieasuivs ;uv 
composed of grits, sandstones, and shales, exactly 
those of older or primary date in America and Purope, and tlu v 
rival, or even surpass, tho latter in the richness and tliickiass if 
the coal-seams. One of these — the main seam — is in sonif placi s 
from 30 to 40 feet thick, composed of pure bituminous cdal, (ii, 
descending a shaft, 8(K) feet deej), in the Plackliealli minis in 
( ihesterfielil County, I found myself in a chaml)er move than le 
feet higli, caused by the removal of the coal. Timber ]iio|is. i f 
great strength, supported the roof; but they were seen to luinl 
under the incumbent weights. The coal is like the finest kinds 
shipped at Newcastle, and when analysed yields the same |nn 
portions of carbon and hydrogen— a fact worthy of notice when 
we consider that this fuel has been derived from an asscmlila':. 
of plants very distinct specifically", and in part genericail v. truni 
those which have contributed to the formation of the aucicut < ! 
paheozoic coal.” 


NOTE, REOAl'lTULATOllY AND EXPLANATORY. 


261. The Oolitic system, as tyjncally developed in Engl'ind. i' 
separable into three well-marked groups— the Lias, the Oolitmnnd 
Wealden, So distinct in many respects are these groups, tlvii 
they are sometimes treated as independent .systems, and in nil 
likelihood the progress of discovery will compel either this ar- 
rangement, or the grouping of the lias and oolite into one insejor- 
able system, and the association of the Wealden with tlie lowir 
greensands of the cretaceous era. As it is, we have ado])(ed lln' 
usual grouping, which may be briefly tabulated as follows 


We.vlden. 


OOTUTIC 

or 


Jurassic. 


Liassic. 


1 Wealil clays. 

) Hastings sands. 

" Pmlxiok bods, 

Portland .stone and yhotover sand, 
Kiniineridge clay ; 

(toral rag, 

Oxford clay and Kclloway rock ; 
Cornbra.sh and forest marble, 

Bath or great oolite, 

Stonestield slate, 

Fidlcr’s earth and clay, 
k Inferior oolite. 

/ Upper lia.s clay or shale. 

) Marlstono. 

I L)wer lias clay or shale. 

(.Lias rock. 


If/pper. 

I MiddU‘. 

'[■/.(ncer. 

J 
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. ,1,0 i.recedmff synopsis, it ^vUl be seen that the system is 

" voomposed of argillaceous limestones, limestones ot oolitic 
fio erdcareous sandstones, shelly and coralline grits clays, 
'iunis shales, and ironstone, with seams of coal, jet, and lignite 
I n tlie iiienihcrs are well develo])ed in England ; it is chiefly 
,1 L au.l oolite that are found in France, hwitzcrland, ami 
/vnn.iiiv ; patches of the Has and oolite occur iii Scotland - the 
aioiic in Hindustan and North America ; and beds ot 
UViMeu ei)Och have been detected in ITanover and VVestnhalia. 

tlie lias and oolite are eminently marine, though occa- 
cNl.ibiting evidence of alternate elevation and depression ; 
itif Wealden and Ihirbeck beds disiilay Irwiueiit alteiiia- 
„t' marine with fresh-water or estuary coiidit ions. 

, )„ the whole, it is not difticiilt to imagine the conditions 
nn'j.r which the entire suite of stri^a was deposited - swm 
.liores. and estuaries of varying and variable depth, were the gUMt 
,.,,1,tiicles of the lieterogeiicous sediments whicli compose the 
.\NU iii deep and tranquil waters for the finely lamniatecl has 
rMx.scd shores and shallower waters lor tlie .shelly grits .ind 
o nlline congh.meratos of the oolite, and vast mm dy es uaneHor 
i!,,. elavs ami shales of the wealden ; while over tho who e an. s 
th,.,v were i-epealed elevations and depression.s d scad )o tom as 
.vll as of ImTesirial surhice (the “dirt-b<sl,” &c) huch weim 
.vid iitlvthe conditions of ibrmation in general i ,'7; 

t!„.snme time, over limited areas ot the has there must ha e been 
qaMeii influxes of turbid ami mineral-imiu-egnated wateis, t) 
the sudden death of the saurians and dlim* I ; ’ 

turns which crowd certain siiaces without a ^,1^- | ’ Y' 

u-i„L' removed from its ]daee-clear and trampi, vvaters avo - 
the long slow growth of tin; corals ol tin* oolite and a . 1 , 

liviiUiMit oseillatioiis of snrl-ice an.l varynige-sturnym^^^^^^^^ 

fur the frequent alternations of the marine aml lresli-watei tx y m 
that occur in the Purbeck and Wealden strata, d he pr|r^a m^e 
q'tlu. oolitic texture in so m.any of the strata, presents s. t 
litlieuUies of formation. It is trm-, that many ol tl.e so-ea 1 l 
elites are merely calcareous grits,- s<mie * .,1 , i 

uiiuuted shells and corals, and others of sau.ly ‘f • 

with lime But the true oolites, or roe-stones, seem to be raute ol 
'■lieiuieal than of meebanieal origin, ami point to ^ 

-ons to tlK)s.! which favour tlie formation ot the caleaieuiis piso- 
lites of Carlsbad and other mineral waters. 

•2h:f. (y,mmeiiting on tlic curious a tcruat.ons of q, 

and limestones that compose the oolitic system, bir ' 

remarks: ‘^ii order to account lor such 1 tS 

we may imagine, flrst, the bed of the ocean to be the recc]d ^ 
i.?es of tine argillaceous sediment, brought by oceanic curiu ts, 
which may liavc communicated with rivers, or 

near a wasting coast. This mud ce.ases at leng 1 _ 

'•eyed to the stime region, either because the laud which had pie 
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vioualy suffered denudation is suppressed and subnier'rcd 
because the ciUTcnt is deflected in auotlier direction by tin* aher l 

shape of tlie bed of tlie ocean and neighbouring iln^ Liiid. ],v 
sucli cliaiiges the water becomes once more clear and lit fi,r {][,■ 
growtli of stony zoopliytea. Calcareous sand is then formed fmia 
comininuted aliells and coral, or in some cases arenaceous niaini- 
rejdaces the clay ; because it commonly happens that the. tin,., 
sediment, being first drifted farthest from coasts, is subsi (|ut iiil , 
overspread by coarse sand, after the sea has grown shallower, nr 
when the land, increasing in extent, whether by u|dieavaloi tv 
sediment tilling up parts of the sea., has approached nearer to ih'r 
spots first occupied by fijie mud. In order to account for aiioili, ;■ 
great formation, like the Oxford cla.y, .again covering one nf 
limestone, wc; must suj)|)ose a sinking down like that which i, 
now taking j)lace in some existing regions of coj-aJ betwctn 
Australia and South America. The occurrence of subsiih nces, on 
so vast a .scale, may have caused the bed of the ocean. ;iiid ilic 
adjoining hind, throughout gr(*at parts of the Eurojiean area, tn 
assume a shape favourable to the deposition of anothei’ set m* 
clayey str.ata ; and this change may have been succeeded hv a 
series of events an.alogous to that alrcjidy explained, and tlicM/ 
again l)y a third series in similar order. Both the ascemliiig and 
descending movements may have been extremely slow, like those 
now going on in the Pacific ; and the growth of every stratum of 
coral, a fesv feet of thickness, m:iy h.ave reipiireil centuries iiir iis 
comphdion, during which certain sjtecies of org;udc ladiigs dls- 
ap])eared from the eartli, and others were introduced in their 
place ; so that in each set of stratti, from the Lias to the Uppi' 
Oolite, some ])eculiar .and chanicteristic fossils were imbcdilcd. ’ 

2(i4. With the exception of the higher m:unniulia, almost everv 
existing order is repre.senfe<l in the fauna, of the oolite, Init tin- 
forms ;ire ;ill Mesozoic, and died out at the clo.se of tin: ch.alk era. 
The vegetation of the .system is also extremely v.aried, but the 
highest or(h:rs .appear to be coniferous, and .-ts yet no (‘xaiiiple ei 
a true exa)genous timber tree has been detected. Of its iiiniicrmL' 
fossils the most eharacteristie are the tycadacew, of whicli the 
.stems, fruits, and le.aves .are found in abundaiiee ; the sludls m 
the (/n/pluvu, AO peculiarly plentiful in the lias ; i\o) uiiuitoiiit' < 
and bdcmnites of inuumcnible species ; the inmets of the lias ajid 
weald ; the pterodaetde, or llying-lizard ; the fresh-water and 
marine turtles ; .and, above .all, the ichthi/osemrus^ plesiosaurus, and 
other sauroid reptiles, who.se m.arvellous forms and v.arictv have 
suggested lor the oolite the not inap|>ro{)riato title of tln‘ ace 
of reptiles.” Still higher in the scale of being than these .are the 
warm-blooiled m.arsnpial mammals, eunphithermm, phascolotlo-- 
ium, sp<dacotherium., and stereo^ nat/i us— tliQ earliest of their kiud 
yet detected in the crust of the earth. 

2(5.5. The system, as developed in England, has received a vast 
amount of attention, both in its stratigrai)hical and pakeonto logical 
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reliitions. To mention all tliat lias been written by local ob- 
since the time of William Smitli, would be to eatalo^me a 
pmportion of llio papers botli in tin; Tramadiom .‘uul 
of the (kidoijkal &>ciety. We can only refer tbe stuileut 
,,, tlic liiore important contributions of Oonybearc, l‘'itton, 
iWlister, Weston, Bnckland, De Jja Pleche, Scrope, Maidell, 
Murchison, Sedgwick, Lonsdale, Strickland, and otinn-s. To the 
jl. jiiirt.U-if the Jji'Ukh. Associatio'ti i'or the jiapers of Morris, Forbes, 
J'liMilie, iite. ; and also to the Memoirx nml Devades of the (leolo- 
,Siir('(0/. V'ery valuable information will also la; oldained 
iiMin Philli'fk Mamial of (kolo</if, chap. X. ; from the (leokujii of 
}M/L7//Vc, by thesameaut.lior ; from Coiuilmrek Gcohiju (f kiuj- 
hn'l: Bmiie's Memoir on, Fossil hiseds; MauteWs (ieolo(ji/ of 
for the Wealdeii groui* : and JiiieMand's Jiridiiewotei' 
Tiyellsi\ for mucii that relates to the structure., functions, and 
Miluts of tlie eiicrinites, ce})haloiKHls, a.ntl saurians of the period. 
The papers of Professor Owen on the oolitic mammals appear 
iiitlu! UeoKxjieal .hnmud; and in ab.seiiceof the PakeoaUxjrujihie^ 
ilie leading types of the ammonites, according to the .•irraiigeinent 
1 Von lluclia iid D’Orbigny, may be seen at a glance on tlu* Palie- 
nut(graphicali\la])ofthe llritisli Islands, published in the Jdii/sical 
,!//fsofA, Iv. Johnston. A fair idea of the conliguration and 
tiiorinoiis dimensions of the s.aurians ot the period may also be 
"liiaiiied by an inspection of the elaborate moilcls in the grounds 
f the Crystal Palaee—dne :dl(.w;ince being made for such details 
i' iiioi'e perfect specimens will enable the modeller here.alter to 
c.u'ivcL or supiily. 



XVI. 


TI[E ClfALK OFl CIlKTACKOl’S SYSTEM, COMI>RrSIX(; TIIF, (l|\i 
ANJ> (IREENSANl) OROlll’S. 


20n. Immeijiatkly above llio fresli-water lualsof tlie n jj 
tile soutli of Kiigland ucenr.s a set of well-detiiiedniariiic .sands, d.u i, 
iiiarl-clay.s, and thick l)eds of c/zo//- -a white e.artliy-loiddii'.^ lliia 
stone, with which every one in Britain must be less or niur 
laniiliar, lliese strata., whieli seldom exceeil in tin* ayyivoin 
10()(l or IdOO feet in l.hiekness, constitute the t Vc/ozvao/.s si/slr„, 
chalk (fvr/zz) l)cing the most prominent and remark.‘d)li' finliin 
in the formation. ThonL,di neiiher of ^ovat thickne.s.s nor widt h 
developtid as to area, the (lhalk is in many resp('cts one of llid 
mo.st remarkable .systems in the .stratified crust, and has eonsc 
puently jon^ atl racted the rii.stiarch of geologists. Mine]'alogi'‘;dh , 
iinleed, it forms a most distinctive sta.ge annnig the sediinentiir'. 
cocks; and in general the observer '"lias as 'Tittle dilliciilrv in 
iletenniidng its limits by lithological aids alone, as he h.is in’di^- 
eriminating the eo;d-measnres, (he mountain limestone, or aio 
other bohlly-marked formation. As the upiierinosl, ni(‘ndu*r t'l 
the younger .secondarii's, it closes the record of Mesozoic life, and 
ot the innumerable .sjiecies wdiich compo.sed the flora and 

of the secondary epoch.s, not one has been deteeted in tertiarv oi 
post-tertiary strata. 


Lithological Coinpo.sition. 

2()/. Tatliologically, it is eomjiosed tif ealeareous, argillaceoie, 
and arenaceous rocks— the former predominating in the nppei'. 
and the tavo latter in the lower porti.m of the .system. Tin* e;d- 
eareons memhers are generally known as “chalk ’’and “chalk 
marls,” the former being applied to tlie purer Ized.s, and tlw 
latter to those tliat are moi-e earthy and clayey ; tlie argillaceoih 
strat.a, which are fur the mo.st iiart stiff blue niarly days, ;uv 
known by the provincial term “gault” or “golt and the’sandv 
beds being freiiuontly coloureil green by the presence of chloritic 
matter, are distinguished its “greensands.” The nodular mas.se.^ 
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lliui” tliat occur in the chalk consist, almost of pure silex, 
in, ,1V or less coloured by iron ; and tlie impure cideareo-siliceous 
i,„liilrs and concretions are spoken ofiis ‘‘cliert.” The system, 
o(‘0iirriii;4 in the south of England, is usually groujteii as fol- 


f'UrrEii Chalk.— G enerally soft white chalk, cuntaininf,^ 
numerous Hint and ehert nodules nioro oi‘ less ar- 
I ranited in layers. 

J Lowku Chalk.— HardeT and less whiu^ than the \iii)ua', 

' '[ !Uid generally with fewer Hints. (Ueildish in the north 

I of I'lngland, and with ahumlance of Hints. ) 

I CuAT.K Maul.- A greyish earthy or yellowish marly 
y chalk, sometimes indurated. 

f IJlUT.K (iuEENSANl).— lltuls of siliecous sand, oecasionally 
imhiratcil to chalky or cherty sandstone (tin' “ firestone” 
of Surrey), of a green or greyish white, with nodules of 
ehert. 

GaUI.t.- a pnuineial name for a hluisli tcii:i,eioii.s clay. 
(ii;i:LX.SAXl). '{ soiiH'tlmc.s marly, witli indurated argillaceous conere' 
tions and layers of greensand. 

Lovvkr Grkk.XsanJ). -Iteds of grocn or ferruginous sands, 
with layers of ehert and indurateil sandstones, local heds 
of gauft, rocks of chalky or cherty limestone (Kentish 
rag), and fuller’s earth. 


iliN. Tlic ])reccdiiig Kynopsi.s tilfonls a sulHcieiil oufiiiie of the 
ioiii[iositioii ttud su(*ce.s,sioii of the clialk .str.al;i. Of course, coji- 
>i(li'fal)le local diifereuci'S occtir, tuid it i.s somet iiiicH dilliciilt to 
'Ictermim; the cipiivtdciits of the beds as typically developed in 
Kelli and adjoiuing coniilies. Thus, the lower chalk of Yorkshire 
'iiiil of Havre iu France ('ontaiiis abinid.aiit Hint nodules; in 
ll'Voii and Dorset a gritty bed with mnuerons fossils occurs 
l iwai'ds the base of tbe eiialk ; in Lincoln and York a slratiim 
ef red chalk is thought to represent the gault of the southern 
''eiiiilic.s ; and the Kentish ragstone, which i.s largely ipiarried 
Hear .Maidstone, is wholly unrejiresented iu the bsle of Wight, 
b'lu'ii We come to co-ordinate the (Jontiuental stnita, still wader 
'iill'ereiiees ] ire vail ; and in North America the rocks wliieli are 
i-'liiirgcd with cretaceous fossils are often mere sands and clays, 
■'^"luetimes oven shingly, and only in certain districts associated 
with thin beds of yellow coralline and siliceous limestones, (jo- 
"rdiiiating D’lJrbigiiy’s lopographieal .subdivisions of the Fivnch 
''I'ctaeeinis series Avitb tliose of England, we have something like 
die following eipiivalcuts ; — 


Danion, 

Scuonien, 

Turenien, 

( Vaiomanicn, . 
Albieii, 

Aptien, 

Neocumicn, . 

Noocomieu inferiour, 


Maestricht hods. 

Wliito chalk and clnilk marl. 
Part Ilf the clialk marl, 
tipper greensand. 

(iault. 

ll|)per part uf luwcr greensand. 
Lower part Ilf do. do. 
f Weiilden beds and contempora 
( neous inarinc strata. 


i Kngiisli 
f .soi'ios. 

J 
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The lower greensand is thus sometimes termed by English ffedl, 
gists the “Neocomian group” rockof NeiilhWiU 

this portion of the system being thought to be more tvoif.^iiv 
developed in the neighbourhood of Neufchatel in 8vvitzVi lai„i • 
but recent fiicts scarcely support this view, and for all )ir;ieii!';ii 
purposes the terms Chalk, (fault, and Greensand are sullieientlv 
distinctive. 

200. It was stated in the preceding chapter, that, founding nu 
})aheontological data, it hml been proposed' to combine tlu"]i;i* 
and oolite into one inse];»arablc system, and to merge the wi-aldi n 
into the cretaceous, grouping it along with the lowei- greensand 
as “ Lower cretaceous or JSieocomian.’' Adopting tliis view, and 
regarding the solt yellow limestones of Maestricht as a Imal 
ilevelopment still higher than the upper white chalk of England, 
we would have the following tabulation, which is that now akijited 
by Sir (Jliarles Lyell and otlu*)' geologists; - 

Eri'Eii Chetaoeous. 

1. Macstrielit iK'ds .and Faxoo linu;.stunos. 

2. Wliile elialk, with Hints. 

o, ( hiilk ni.arl, nr grey elialk slightly .argillaceous. 

4. Uii]ic;r grcen.sand, occasidiiaily witli beds of chert, .and with eliln- 
rilic marl (craic cliloritc'c ot French authors) in the upper pcrlii n. 

0. (fault, including tho litu^kdowu bods. 

boWEii Crktaceuus {Neocomiau), 

1. Eowor greonsaiid— (Jrccusaiid, IroDsaud, clay, .and occasionalhi.il' 

ol'limoslouo (Kentish rag). 

2. Wealden beds — or Woald clay and Hastings sands. 

l or tbe Siike of the learner we b.ive followed the usual groujiiug' 
ot the sy.stem, but the jireeediug iudieates tbe new arraugenieiit. 
^vhicb p:iheontologi{‘a,l evidence will in all likelihood ultim.atelv 
compel tlie geologist to adopt. 

2/0. the mineral eomjiosilion ot the preceding groups .and 
.series is almost siillieiently iiuiicate<l by their respective (crnis. 
The iim naaiKl, whicli terms (he lower division, is so named from 
its greenish colour, wliich it owes to a ehloritous silicate of iron. 
Ibese SiHiids, liowever, are not uniformly green, but jiartake of 
oeliriieeous and yellow tints ; present various degrees of liiienos, 
from compaet sands to ooai'se nodular gribs; and not uiifreqiioiiily 
iiu bed cherty bands, iiodular s.aiul stomas, and inagruhir dejiosil's 
ot tuller’s em'th, fossil wooil, and ochre. In England the green- 
sand is usually divided into Lower and Upper, because of the 
siift blue marly clays (gault) which occur about the middle ot 
the group ; but otherwise there is a great lithological similarily 
throughout its entire tliiekiiess, Avliich rarely exceeds 400 or doo 
feet. The (/au/t or i/olt (a local term) is not of great thiekiuss, 
nor very regiikii- in its occurrence. It is a bluish chalky clay, 
which elfervesces strongly ou the application of acids ; is inter- 
stratitied with layers of greeusaud ; and in some lociilities IiulL 
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irn'<nilar balls of argillaceous ironstone, collected round ammon- 
ius^ud other shells. In some districts the gaiilt assumes a 
rtdilish tint, from the iron it contains ; but in other respects its 
onupisitinii is very persistent, and it rarely exceeds 80 or 100 
feit iu thickness. The Clinlk, 'which forms the ujjper grou]) of 
this system, is too well known to re<pure description. It consists 
chii'tl}' of carbonate of lime, lui-s an earthy texture, and is so soft 
x*; to yield to the nail. Though generally white, it sometimes 
passes into a dusky* grey, or even red eolour, ;is in the norlli of 
liti'^laiul ; and where it has come into contact with igneous rocks, 
ii is indurated, and of a crystalline texture, like that of statuary 
iiiiu'l)le. In England, the chalk group averages from tioo to 
sm) feet in tliickjiess, and is usually divided into “lower” and 
•iipiier” bo<ls ; tho former being more compact, of a dusky white 
varied with greeu grains, and containing few dints - tlu! latter 
being a soft white calcareous mass, with chert and jpyritie iioduh-s 
and i'('g\dar layei's of dints. Traces of stratification arc scarcely 
ilisliugnislia.hle in the mass of tlie chalk, but arc clearly evinw'd by 
ilie lines of fliuls ami other nodular coucretious. In some of the 
('entiiiental chalks, carbonate of magnesia prevails to the extent 
"f 8 or 10 per cent, giving to such beds a still more earthy tex- 
lure; wliile some of the American e<[uivalent.s arc so siliceous 
[hi'ijiighout as almost to lose the clmracter of limestones. 


Pal.'iooiitologicul CharacLoristics. 

-71. The organic remains found in the cretaceous system art;, 
wtli a few exceptions, eminently marine, comprising numerous 
liieoids, sponges, corals, star-fishes, molluscs, Crustacea, fishes, a.nd 
lepfiles. A.s might l)e expected, I’^ossil Plants are compara- 
tivuily rare, and these for tlie most part drifted ami inijjerfeet 
fragiuetils. The marine species are ajij)areutty allied to the 
nlg;e, coufervie, kc,, and are termed ('koiulritcs and OHift rcitcs. 
d’iie terrestrial types are drifte<l fragments of filieuid plants 
[lorichupieritf) ; aloe-like leaves [draca'iia) ; cyeadaceoiis leavcis 
iiiid fruits {clathrarid, mmiostrohu.s) ; palm-liko fruits of un- 
l^iieWM affinity {cnrpolithes — atrpifs, a fruit) ; ami cones ami 
ffiigmeuts of coniferous wood known by such names as 
‘diidiies, and sifokilltis {HtroliilnH, a fir-eoue). Of the Ani- 
mal remains, which are in general beautifully preserved, and to 
ho seen in almost every Britisli collection, wc can only notice a 
few genera under each order or family. Begiut)ing with the 
liinorphozoa or spongiform bodies, which seem to have crowded 
die waters iu certain localities, we have the common and charac- 
teristic vmtricHliles, c<'phallP's, sponput, sciiplun^ hnirhiolik-^, 
kc., generally named from the external shape of the mass. Of 
loraminiferous organisms upward.s of thirty genera have been 
catalogued, as dmtalim, rolaiina, tuiulana^ rosalimt, and Imli- 
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mina. Of coralline zoopliytes, paimmilla, irochocyaihitu 
ad/wt, sjnnDporn, and the like. Of ecliinodernis there aiv mail 
genera in ov^ery state of perfection— sea-urchius, as the mWe/av 
spatangus, galerites, tHademapin(mcJigte.%&c . ; star-fishes. 
and oreader; and crinoids, as marmpites, Jioiirgnetocri/iiix, aii,l 
pcntacnniis. Of annelids, abundant scrpularia and vermlr/ihrt.i 



1, r^i coi-Lini!,uiiium : G-'il'-i-it''!; u!l. > .'aU-iuH : T.Iarsni'il'';) in. 


(it cirri |)cds, .%'<(! pell nvi imA jK)//tcip('}> ; and of ernsiaeea. llir rut' 
niostraeous forms, J><nrtll((j v//fhnr, a.iul ci/fhcndd ; and the iiiaia- 
eostraeous lobster-like genera., mip'i'id, piKpfrxs, and no/om/ //.</( .e 
Tlie remains ol inollusea are extremely numerous, and in .sarh 
beautiful ju'eserva.tion, that tlui coneliologist can at once assign 
them a jilaee in his cla.ssi(ieation. The compound ])ry(izna 
in gi'eat ])r(.tfusinn, as (Ui t impord, ddidopoi'n^ jmd N/upDin, 

and rdi'/xu'n. (.)f braehiopod,s, the most abuiulaiit ai'f 
tt^rehratidd, )'ligHC(>iui/((, and enmid ; of characteristic nioiioin 
y.yia, \ye may name pnirii, /Imd, odrea, and liiocfd'dniH.s ; ami mI 
dimyaria., Ingoiitd, cdnlidm, dshirfr, inicnld^ vruds, ('ifjd'd'drilid, 
and th(( curiuns massive shells /ii/tjd()if< ><, (lirerds, and' rddiolil' <■ 
tH the univalves or gasteropods, the roddldrid^ 

(l< iildluniidtflonjdi, :\\u[ plfdirotoiUdrld are typical and charac- 
ti'i’istic. The oephalo])ods also apjxsar in eomsiderable ])rol‘usiiiii. 
and thougli the amimmites have evidently passed their meridian, 
and are now on the deeline, we still have inany species, with 
newmr and more complex forms, of the same great ordci’. 
these the diiiiiwnite, the ndutili(.% the hook-shaped hdinii'^ 
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{hamus, a hook), the boat-shaped scaphites, the rod-like baculi(t.< 



rUYSICAL FEATURES. 


20 .) 


. . ,tafr), the turret-like Imriliks, the curious hevu- 

' mmilmri'm, pli/clmmw, .ke. {/.'frus a lionO au.l 

iuternal bclemiiitca (the “ thun.levbolUs ol the Va^- 
I I V .■isMiit'! lire Uie most frecivieiit. and typical. 

void, ebrate remains arc uumerons 

'tikN kviili oceasionalindicatioiis of bmls ami niaium. _ • 

'■'I . V i rn-Onvitv aro still pliicoid and pimad ; bnt tlit 

t;!: to wiiic, ahnosr a,i exisu.^, isi.es 

1 I r iro liere tor tlie first time found in tlie rock) sti.ita. Ot 

pgiipglli 



tik, see,,, identical ev.lh or at least f 

„,,,|,lei,,aud are represented by if'"''' ^ ly,,! l,„ues, 

pnirii, ifmm the aMeiiset I'lii'UiodoH, ami dKionui. ' t ' 

a.nned e;,«o/;er«;s (IVmii /';».o/;.p xvbite^^.^^^^^ 

I.lnl , have been described 1 1" t ose of iiuadnunana 
mi, Slid that certain mammalian itmains arc in i 

"!■ iiionkeys. 

riiysical ai..l (IceKraibicl t'eateirs. 

many couiiiries. As alie.id^ mui m , 

the south and south-east ot Itnolim , • _ modules in 

, a r™, J. hj- — 

,t:l:£rik!‘s«.iiii » » ’c' rJi i'aV, 

Fi-anee and Germany, and »«^;i™,“V"Xhavrbren collected in 
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gated in tlie states of New Jersey, Texas, and Alabama- 
strata apparently of the same age have been noticed in Colon i" 
in South America. imna 

274. Though exhibiting faults and fractures, no i-rneous ronl 
have been found associated with the chalk of England [n tl . 
north of Ireland the strata are di.srupted and overlai<l by ItisI 
and other traps, as remarkably displayed at the Giant’s ( ' mse 
way ; and m the Pyrenees and Alps the system partakes niore'o,. 
less ot all those upheavals, by traps and secondary granites whid, 
are so characteristic of these lofty ranges. Where unln-oken l)v 
Igneous eruptions, the physical aspect of chalk districts is readily 
distinguished by the rounded outlines of their hills and valleys, 
as typica.lly exhibited in the “wolds” and “downs” of Kelit! 
Sussex, Surrey, Hants, Wilts, Berk.s, and other countie, s iu the 
south of England. These downs arc described as “covered with 
a sweet short herbage, forming excellent sheep-pasture, generally 
bare of trees, and singularly dry even iu the valleys, wliieh fir 
miles wind and receive complicated branches, all descending in a 
regular slope, yet are frequently left entirely dry ; and, what is 
more singular, contain no channel, and but little oilier circiiiii- 
stantial proof ot the action ot W'ater, by which they were certainly 
excavated.” The rain.s, it is said, are absorbed as fast as they fall 
u])nn this dry surtace, and sink to considerable depths iu the 
rock, where they ar<> treasured up in re.servoirs to the dee]) wells 
aud^tbe con.stant .springs which i.ssue at lower levels. 

2/0. Combining all the features ot the system — its composition, 
fossils, and geographical distribution — w'o are warranted in re- 
garding the chalk as a truly marine deposit, filling up limited 
seas which were thronged with occ.anic life, and which received .at 
intervals the drift of rivers that downed through counti-ies enjoy- 
ing a high and genial temperature. The cyctis and zamia'.w 
plants which betoken a warm climate; and though vegetable drift 
seldom appears among the chalk strata in such profusion as to 
torm more than scjittered jiatches of lignite (as in the lower 
nieasure.s near Itochelle), yet must this circumstance be ascribed 
more to the unfavourable ])osition of the seas of deposit for tlir 
reception ot such drift than to the scantiness of vegetation on the 
dry land. Again, the corals and huge sauroid reptiles l)elok(‘U 
more ot tropical than of tempenite conditions ; a circumstance th.'it 
seems fiirther establi.shed by the firesence of remains apparentlv 
allied to the monkeys. 

2 / 6. Respecting the conditions of the waters in which the chalk, 
so unlike ordinary limestones, was deposited, and within whose 
mass flints were .subsequently aggi-egated, geologists are by no 
ineans agree<l. This much, however, seems certain, that the 
chalk is a mechauic.al deposit from waters loaded with calcareous 
particles, and abounding in minute foraminiferous shells, which 
constitute a largo portion of the mass, and not, as at one time 
supposed, a precipitate from chemical solution. The abundance 
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„f enclosed sponges, corals, shells, and fragments of vegetables 
also contirms this view, and compels us to seek for the enclosed 
iiivtirs anti nodules of flint an origin similar to that of nodules of 
jr.iustone and chert in shale. Flints are composed almost entirely 
„f pure silex, with a trace of iron, clay, and lime ; they are* 
usually aggregated round some nucleus of sjxtnge, shell, or coral ; 
anil there is no difficulty in conceiving the silex to have been 
(irigiually in solntion in the waters of deposit, and subsetpiently 
sfgntgated in layera and nodules as wo uow behold it. (See Eeca- 
pit Illation). 

■111. fudustrlally, tlie chief products of the system are chalk 
ami tliiit. Chalk, as an almost pure carbonate of lime, is calcined 
lik'i onlinary limestones, and employed by the bricklayer, plas- 
Uivr, cement-maker, and farmer ; and levigated, it furnishes the 
well-known “ whiting ” of the painter. Flint calcined and ground 
i'l used in the manufacture of china, porcelain, and llint-ghuss : 
ami before the invention of percussion - caps was in universal 
u>e for guii-flints. In the south of Kngland flints are extensively 
used as road-material ; and the larger nodules are sometimes 
taken for the building of walls and fences. Beds of fuller’s earth 
are worked in the greensands, as at Ryegate and Nutlield ; and 
some of the indurated strata, like the “ Kentish rag” and Chalk- 
marl of Cambridgesliire, furnish local supplies of build ing-.stouo, 
a> well as supplies <d’ road-material. From titc Gault and Upper 
(Irecnsand of Farnhaiu in Surrey are also obtained those phos- 
|)hatic nodules, now ground down and used as a maamre, on 
arcount of their containing a large per-centage of phos])liate of 
lime. “ It is doubtless of auiinal origin,” says Lyell, ‘‘ and partly 
oprolitic, probably derived from the excrement of fish.” 


NOTE, RECAPITULATORY AND EXPLANATORY. 

27s, The Cretaceous system— so called from the chalk beds 
"liich form its most notable feature— is the last or n])permoHt of 
1lic secondary formations. All its types of life arc strictly Meso- 
and of the numerons species fl)un(l in the 'Frias, Oolite, a/id 
Olialk, not one, it is affirmed by ])al:e()utologists, lias been de- 
tected in tertiary strata. As tyjiically developed in the south of 
England, the system has been separated into two groups, the 
^'Italic and Ommaml, and these comprise, in descending order, 
tile following members : - 

{ Upper cli.'ilk with flints. 

Lower chalk witliout flints. 

Chalk Marl. 

( Upper greensand. 

CllEEN.SAND, < (rault. 

( Lower greensand. 
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Adoptin" tlie recent views of paUeontologists n'specting tlic nv. 
taccoiis aflinities of the AVcalilen, and adding certain foiitiiidu ,] 
beds which are wanting in England, we have then an Uii|iLr ;il 1 
a Lower grouj), conipriising the following sidjdivisions : ^ 

rMacstricht beds. 

Chalk proper. 

Uri'ER Chetaceous. • (dialk Marl, 

Ifjipor greensand. 

( (Tault. 

f Lower greensand. 

Lower Cretaceous. < Weald cl.ay. 

( 1 la.slings sands, 

Whi(‘hevcr view is adopted, tin* entire suite of .strata— wi1li ih.- 
e.\ee|)tion of tlu! Ihivio-niarine beds of the weald -boar evidcinv nt 
shallo-vv and \vide.sj)re;ul se.as, and of a climate favouraltle ti.t tld 
groAvth of cyeads and zainias on laud, and of corals, gigajitic sau- 
riaii.s, and turth's in the waters. Paheoutologically, tiio rciii.iins 
of the clialk and green.sand arc eniiucntly marine, and coinpriM 
niiracrons species of sjioiigcs, corals, stnr-lislies, sea-urchins, slivll- 
lisli, cnislacea., ti.slie.s, and i-eptiles. Indications of bird and Jiiaiii- 
nialiaii remains have also been <letected, but the.se are as yd to" 
scanty and obscure to ■warrant any definite conclusion. 

2711. Eespeeting the origin of the rocks which eoiu])(isc tln' 
system, .some dillieultios, both of a jdiysical and chcmic.al natinv. 
present themselves to the geologist. 'J’lie accnmnlation nf such 
strata as the ganlt and gremisaiid can easily la; aceounled fur ly 
the ordinary proct‘ss('s of mechanical .sediment; but the clialk, 
with its great thickness, remarkable homogeneity, and peculiar 
layers of dint nodules, Avould seem to indicate a somewhat dill'ci - 
ent process of formation. Even as a limcslunc, it ditfers fii'in 
others so widely in texture and np|)earancc, that several clicinical 
and organic hy})otheses have been advanced to account foi' it.'^ 
origin. “There appears no ovideuee,” says Mr Eraiidc, “ of its 
having been precipitated from chemical solution ; but, on the otlu r 
hand, it laairs marks of a mechanical deposit, as if from wider 
loaded with it in a state of tine division. And upon this princi- 
ple, some gleam of light may [lerhajis be thrown upon the enig- 
matical a])pearance of the dints ; for it is found, that if diicly- 
powdered silica be mixed with other earthy bodies, and the wlmlc 
diffused through water, the graims of silica have, under cerlnin 
circumstances, a tendency to aggregate into small nodules ; and in 
chalk, some grfiins of quartz (fragments of siliceous spicuhe, ^kc, 
are discoverable.” There can he little doubt that such has been 
the original condition of chalk, from whatever source the calcare- 
ous particles were derived ; for, without the supposition tlnat 
these particles were dilfused through the waters of deposit, it 
were impossible to account for the imbedding of the fossil organ- 
isms, the lines of deposition, and other phenomena connected with 
it as a stratided formation. But while such has evidently been 
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of the gi'eat mass of the clialks,it doos not preclude the 
w/ a'iciiey of calcareous sprimfs, or tlic onjank etfoids of 
1 ,,1,. sfcivliim’ zoo]ihytes, or tlie ajjjgrcgntinn of inicrnscopiL* for- 
All other limestones ill the crust of the earth point 
, ' .i (•()iu])lex formation, in Avhicli nu'cliaiiicol, (*1101111001, iiud 
, , uLrencics have been concerned ; ;ind it is but rensonablo 
' ’■iiipKse lltat chalk is tlu^ r(?sult of similar fnives. Tiuh'od, we 
) .,v,' i vidi’iice in existinpf nature of vast accuuiulaii(»iis of tine 
. Viiviiiis mud, arising partly from the attrition of coral-reefs, 
and other marima exuvia*, ])artly from the seeretions and 
(MTrtiniis of certain mollusca, echinod(*rms, and lishes, and partly 

• Mill till' aggregation of minute ereaiures. as the infusoria., l‘ora- 
, jilt'na. lu'vozoa, and tlu; like. Mven the chalk itself, when ('are- 
‘Vi\ ]iiil\erised in watm*, and examined under the miei'oseopi', 

• !o " similar eviilence of its origin ; and what a|)]>ear to the 
i;;ik,d e\e as mere mineral particles, are in fact \ve!l-])reserved 
l.sdh. In this way Mr Lonsdale, obtained thousands of organ- 
i-iiis in everv ]Hiund weight of (.‘halk —some being minute bryozoa 
:ii(l eimallines, others entire tbraminifera and cytherida-, and 

. iliciN, again, mere fragimuits in which the organic texture was 
a.ill aiipareiit. 

gsii, d'lu' formation of Hint within a mass .so dillerent in (‘om- 
josillou as eh;dk is also in some respi'cts ;iu unsettled ]irobleni 
ill (iidlogy. It occurs in nodular m.'isses ot very irregular (otten 
i.nita^l ie forms and variable magnitude; — some ot these not, ex- 
ivrding an inch, others more than a y;ird in circumference. 
Altlmugh thickly distributed in horizontal layers, and occasion- 
ally in vertical lines of large nodules or “ jiotslones,” the noduhas 
ai'f sddeiin in contact with each other, each being com]deie.ly 
oivelojied by the clmlk. It is rare, indeed, to find a continuous 
laver of llint, as we tind a layer or band ol iroiistoiu', though the 
li'diilar or concretionary states of these t\v(. materials are iirecisely 
"iiiiilar. Kxternally, tlie dints arc composed of a white cherty 
ri'iist ; internally, they arc of grey or bl;ick silc'X, trcipiently lull 
ef Haw s or cr.acks, and often contain ea,vities lima! with ch.alcedony 
:iiid erystalliscHl (piartz. AVIieii takem from the chalk-])lt, they 
?iiv brittle and full of moisture, but soon dryandassumetheir 
"ell-k iiow'u hard and rejractory((ualiti(?s. b lints almost without 
' xreption (mclosc remains of s]K)ng(^s, sea.-urchins, detached s])ines, 
rerals, and other marine organisms, the .structures of which an; 
often ])reserved in the most delicate and bea,utiful manner. In 
specimens the organism has undergone subse(|uent di'com- 
I'O.Mtion, and the spaia^ it oceujiii'd has been either left hollow, 
or itartially tilled with some sparry incrustation. I’rom these facts 
it would seem that dints are aggregations of silex round some 
organic nucleus, just like the ironstone septaria of the coal-shales, 
the grains of the oolite, the ironstone uodule.s of the gault— all of 
'vliich are aggregation.s round some organic centre, he it a frag- 
iiient of plant, a shell, a tooth, coprolite, or other organism. 

0 
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This is now the "enemlly received opinion ; and when it is r, 
mcnibcred that the orgaiiisiiis nniat Iiavc been dejjosilcl wli,.,, 
the clialk was in a flocciilent and pulpy state, tliei-e can 1 h- litt!. 
ditiiculiy in conccivin^^ liow tlie silex, held in solution l»v tin- 
waters of deposit, wouhl, by chemical affinity, attacli its* If to tb- 
dccayinj^ organism. The solubility of silica is a well-known fi 
in nature ; it occurs in moat thermal springs — in soils, wln inv it 
is elaborat(‘(l by many growing ])lants for their struct iiio in 
waters, whence sjionges and infusoria elaborate their siliot, nv 
shells and spieuhe — ami all decom[*osing rocks, like the felspatlij,. 
gi’anitcs, greenstones, and tufas, are continually anp]»lyinti: it in 
the streams, rivers, and ocean. The cause of its abumlanco in 
certain cretaceous areas we may never know, but it is :ili(gctln r 
a mistake to su])pose tliat Hint is a product peculiar to tin; ( halk, 
The sjxmgiferous eherts of the Tortland and eorallim! oolites, ainl 
the tubipore eherts a, ml Hints of the mountain limestone, an 
identical in origin, as they are all but identical in comjmsitinn, 
Indeed, repeated lines of black Hint nodules may be traced, intlic 
carboniferous limestones of Jiathgate, as distinctly ami contiim- 
ously, and as purely siliceous, as ever were traced in the chalk-jiits 
of Kent and Surrey. 

281. hi eonse(|ueuee of the va.ricty and perfection of its fossib, 
and the free exposure of its strata in the cliHs, ((uarrics. and 
railway-eiiltings of the south of England, the system has received 
a vast amount of minute and searching attention. Tlie (I'cithi'ii- 
nil 'J'nnisdcdint.'i mid Journal teem with jiapers on one or otln r 
of its members, presenting detailed sections, thicknesses, and li'i' 
of fossils. Among these, the stmhuit may consult the coulrilm 
tions of fitton, Mantell, Wel)ster, (.1 reenough, Sedgwick, buck- 
land, Trimmer, and others. Valuable information may also he ulc 
tained I’rom ManldCs (icoloi/i/ of (he South- hJ a. 4 o f dinilaiol, 11. 
Phif/ifd (ieoloiiii of IdnilanJj and tlie Jleinoirs (f the (leolo<ie'''’ 
Surrei/. For the elaboration of foreign localities, we are cliii ilv 
indebted to D’Archiac, D’Orbigny, de Eeanmont, and llcl)i ri. 
in France ; to Professor Kmuont in Pelgium ; to Pusch in hci- 
many ; and to II. and W. Kogers in America. 
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THE TEflTIARY SYSTEM, E^MBRACIXf} THE EOCl'^NE, MIOCENE, 
I'LIOCENE, AND VLEISTOCENE (HlOUl’S. 


•2s2, The earlier <jjoolo;;isia, in dividing the stratified ernst into 
I liinjiry, seeondnry, and tertiary formations, reganlcd as tcrtidri/ 
■ill tli.'it occurs above the Clialk. The term is still retained, hut 
;!k' pnigress of discovery has rendered it nect!ssary to restrict and 
niiiilify its meaning. Kven yet the limits of the system may he 
Mill to he undetermined- some emhraeing under thii term all 
ili:it lies hetween the chalk and Ixudder-drift, othei’s including 
ilu' drift and every other accnmulation in which no trace of man 
' Hiis works can he detected. Ikdieonfologically s])eakiiig, mucli 
he said in favour of holh views ; hut the difVnnilty of un- 
rivtlling the relations of many clays, sands, and gravels, makes 
i’ wtfer to adojit, in the mean time, a somewhat provisional 
iiiTaiigement. We shall therefore treat as Tertiary all that 
"e iirs above the chalk till tlu* close of the drift, and as Post- 
I krti ARY every accumulation which aj)|)ears to have been formed 
'iiii‘o that period. In Europe, Nrirth America,, and indeed ovi‘r 
th' greater ])ortion of the arctic and temperaP^ regions of the 
li'irlhern hemisphere, the houlder-drift is a hold and clearly- 
I'-fitied formation ; and tliere is little dithcnlty, therefore, in 
I'-tcriiiining, in these regions, tlic n])pcr limits of the teihiary 
h''tein. In the southern Iiemisphiire the drift is not so well 
'Itfined — a matter of less im})ortaiice, seeing that the higher 
hhtudes there are ehietly covered by the ocean ; hut in tropical 
‘‘Ell sub-tropical latitudes, where tlie drift is altogetlier wanting, 
th ro is no lithological boundary to guide us, and we must fall 
hick entirely n})on the evidence afforded by organic remains, 
hiking the formations, however, as tlicy occur in Eurojie, and 
E>"re es[)eeially as developed in Britain, the arrangement above 
h'licated re.solve.s itself into the following intelligible sub- 
'livisions ; — 

POsn' 'Ti.MjrPT A DV 1 Recent aiid SUPERFICIAL ACCUMULATIONS occurring 
^I'l IAKY. -J buuldcr-drift. 



212 


TERTIARY SYSTEM: 


TEUTIAIIY. 


Tleistocenb... Boulder or Glacial drift. 

Pliocene Mainmaliibrous, lied and ( oi i i . 

craj( of Suffulk, Ac. ‘ • 

Miocene Faluua of Tourainc, Molasso of S v • 

zorlaud, and part ol' Vienna Ha.'., 
^Eocene Strata of London and Paris Ikuslns. 


By adopting this view we get rid of certain anomalies cniiiie,.!,.,: 
with the boulder-drift, wliilo iliere will be no dilTienltv iiu, 
moving (lie ideistoeene to the post-tertiary system, should siili 
.se(pient discoveries render such a transposition necessary. 

283. The organic types of the system above tabulated aiv m;! 
Cniunm<\ - that is, are all less or more allied to, or even i(lciitii:i'; 
with, many existing genera. As at tlie close of the pulair, : 
cycle, ihograj)tulites, trihdjite.s, pterygoti, ])tei‘iclithvs, eocensH n , 
megalichthys, .stigmaria, sigillaria, lejndodeudron, aiid otlnr fnim. 
of aiicieiit life, had jiasscd away ; so, at the close of the J/r’,so,,v. 
the encrinites, ammonites, |)ala‘oni.scu.s,‘ labyrinthodon, iditliui- 
saurus, ]jle.siosanrus, pterodaetyle, and other intermediate lv]ir^, 
dis!ip])ear(!d, and tlieir place was taken by higher and more r, 
cent forms. We now iind among vegetables evid('iie(‘ of tin 
exogenous timber-trees (that is, trees which increase by or/./v d 
layers ot growtli, like the oak, beech, ami elm) ; a large iiei-rent- 
age of the (‘ 01 ’a.ls and slndls are identical with those of t'xi.aiii : 
seas; the I'eptiles are carapneed turtles anil tortoises ; theli,di(' 
are ehielly clenoids and cvcloids, with eijually-lobed tails; hirl- 
ot existing families are by no means rare; and ('xaiiiiili'' 

mammalia, ol all elmsses, nj) to the highest save man, have 1 

detected. Nature, in fact, had made another great move in h r 
onward and iijiward jirogi-es.s, throwing aside, as it were, tlir 
Avorii oiit moulds and patterns of her organic develojinieiits. an i 
eliminating others bidter ailajited to the gradually-varying' o ii- 
ditioiis of the inorg.anii* world. Still throughout the whole time 
runs t he .same great idea or design ; and thence, tliougli speeir,' 
and geneivi liave changed, (he ty])('S and functional duties of tine'- 
types remain, leading ns lo regard nature as immutahle e\en in 
the midst of her iuce.s.sant mutahilitios. As the jiast mei'g' 
insensibly into the present, and the jiri'senl, into the future. 
cycle jia.sses into eyele, and system into system, by the tin'"' 
gradations ; and it is not till the whole is'sulliciently remoV"i. 
and these gradations subordimited, that wc perceive the ])eciili:ii 
phases which characterise the snceessive epoclis of geoloyiovl 
history. As a whole, therefon', the biological aspects of tin 
tertiai-y system are sutliciently distinct from any of the system' 
that h.ave gone before ; and though many of its species liave l"ni 
since become extinct, tliere is clearly a much closer reseniblnuo 
biitween them and those of existing nature (Cainozoic) than there 
is between them and tliose of Alesozoic or Paheozoic cycles. 

284. As in other .systems, so in the toi'tiary, the fossils of tlv 
older strata dift’er considerably from those of the newer ; aiih 
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thti, the whole might be conveniently grouped into Lower 
\m\ and U|)per. Paheontologists, however, liave ehoson a 
.niiewhat different nomenclature, and, taking tlie per-C(‘nta«^e of 
,.il shelkas their guide, have adopted tlie scientific diviJons 
;,l,va(ly tabulated. lliuseore«e(ms', the dawn, and kwnm ivcent) 
implies that the strata ot this group conbiiu only a small proportion 
of, xistingspecies, which may bo regardcil as imlicatim' the d-iwii 
.! , listing things ; mocem {medon, loss) implies that the omnor- 
tmn ul recent shells is less tlian that of extinct ; p/iorme lAm 
wnre , that the proportion of recent shells is more or m-catei- 
ilmu that «t the extinct ; and pl^dstocm^ {phdshii, mosL, that 
l!m shells ot this group are mostly those of species inhabitim^ the 
p.vs,;u seas. _ This nomeuclaturo is now in genera! use by 
hiidish geologists, thongli it must be confessed tliat the in-o.^rcss 
^■1 tnssil discovery has long since rendered the divisions Imver 
liii' llc, and njiper, more appropriate, and much less liable to 
laideiul. Ihc terms were fii>st introduced by Sir Charles Lyell 
Hi 1M3 ; and it were as well, perhaps, to hear his own explana- 
^iid remarks after a lajise of fwo-and- twenty years-- 
in preparing mv vmrk 'on 
In iniiuples of (xcology, I conceived the idea of classimMlie 
I'lRk; senes o ternary strata in four groups, and cndeavoui-imr 
' an c laraiMc.ns for e.acli, expressive of their dillerent degreiS 
■ ty to the iving fauna. With this view, 1 obtained in- 
; " tiun respectiing the siiecific identity of many iertiarv and 
' ' ‘t.sliel s trom Italian naturalists, and, among others,' Irom 
nsso,-s honellMbiidotti, an.l Costa. Having, in 1821), heeonie 
, .l n|>‘ eihiitli M. Desliaycs of ikii-is, already well known by 
( 10 ()gi(^-,l works, T learned from liim that he liad anivei’l, 

; ‘ 1';-iident researches, and by the study of a large collect im. 

ana recent shells, at very similar views resiieetiii'^ tin- 
■■"■ymmt of tertiary formations. At my roqurst, 1,,, "irow 
I ! l a ahiilar tonu lists of all tlie sliells known to liim t<i occur 
'i nn some tertiary formations and in a living state, for the 
[ '.ss ptn-jiose of a.scertaining the |)rop.»r(ional number of (dssil 
M'lts Klentical with tlic recent which cliaracteriscd suocessivi; 

- ail] Is , and tliis^tablc, planned by us in cnnimon, Ava.s pnldislutd 
l' lilt - 111 18,33. The number of tertiary fossil siiells examined 
' . i)e,shayes was about 3n(i(), and the recent species with 

they liad been compared about rmu. The result then 
' eil at was, that in the lower tertiary strata, or those of Tjeii- 
"11 ana fans, there were about three- and a.-lialf per cent of 
' '"'‘les identieal with reeent ; in the middle tertiary <if the l/.in; 

‘ ' oromle, about seven teen per cent; and in the uiiper ter- 
iir snb-A Pennine beds, from thirty-five to fifty per cent, 
"i-matioiis still more modern, some of wliich 1 had partieu- 
‘ stiulied 111 Sicily, where they .attain a vast thickness and 
-lion above the sea, the number of .species identical with 
’■■’t now living was believed to be from ninety to ninety-five 
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per cnnt. For tlie sako of clearness and brevity, T , 

giv(! short Uiclmical imiiies to tliese four gi’oiips, or tlu- i - 

which tlicy res}>c(*tively hc'loii'^ed. I called the lirst or n|,l, . t 
them Eocene, the st.'cond IMiocene, the third Older 
and the last or fourtli Newer IMiocene. The first of the :il.nvi 
terms, J'iocene, is (h'rivcd from ros, dawn, and r:r///CAs', 
be(';inse tin; fossil shells of this period contain an cxtri iii.lv 
sm;ill ])ro})ortion of livin'^ species, which may be looked in,.,; 
as indicaiinef the dawn of the existing state of the testaivM-i. 
fauna, no recent s])ecii‘s having been detected in (lit^ oldei' 
secondary rocks. The term Pliocene less) is iiiteiiiled ! 

express a minor pro|)ortion of recent species (of testacea' ; ami th, 
t('rm riiocene (/ih-ioji, moix!) a comparative plurality of llm sann, 
It may mssist the memory of stmhuits to remind them that ik' 
m/ocene contain a v/y/nor ju-oportion, and plIxH'vm a. eom]):iiati\r 
;yAiralily of n'cent sjyecics ; and that the greater nmnbei- of tvci iit 
sp(?cics always implies the more modern origin of the strata, h 
has sometimes been ohjc'cted to this nomenclature, that certain 
s[)('cies of infusoria found in the chalk are .still existing, .and, .in 
tin* other hand, the Miocene and Older IMioccne deposits oI'm 
contain tlni remains of mainmnlia., reptile.s, and fish, exclusiveh i' 
extinct sjyecies. Ihit the re.ader must bear in mind that the ti rni' 
Eocene, Miocene, .and IMioccm*, were originally invented wiiii 
laderence purely to chronologic.al data, and in that sen.se h.wv 
alw.ays laMui, :ind are still, used by me. Tlui distribution of tk 
fo.ssil s])eci(‘s from which the results before mentioned were ifii- 
taiiied in lh30 by M. Desh.ayes was as follows ; -- 

In the formations of tho IMiocono, older and newer, . 777 

In the Mioceme, ..... Iir21 

In tho Eocene, ...... 124S 

ifo.k; 

Since the year 1830, the number of new living sjieeies obtairnd 
from ditl'erent parts of the globe ll.^s been exceediiigly gre.at, .sii|i- 
]>lying fresli data for eomp.arisou, and en.ahling the pal:eontologi^l 
to eovrect many erroneons identitieations of fossil ;uid recent foriii>. 
New' species also have been eolleett'd in ahundanee from tcrii;n} 
formations of every age, while iieAV diseoveix'd groipw of sti ita 
h.ave tilled iij) gaps in the previously knowm .series, lleuee modi 
tieatioiis and reforms have been called for in the elassilication first 
pro|)Osed. The Eocene, Miocene, and IMiocene periods liavi' hci ’.i 
made to eompreliend certain sets of ,str.ata of Avhieh llie fossils d" 
not ahvays conform strictly in tho proportion of recent to extinct 
s]iecie.s, with the definition.s first given by me, or w hich :ir»‘ im- 
plied in the etymology of these terms.” In other words, flu' stu- 
dent must be prep.ared to receive tliese terms simply as teehnic.'il 
designations for certain series of stnita., and to reg-urd tliem ;is till 
but synonymous with Lower, Middle, and Upper Tertimy. 
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Eocent, MrocKNK, AND Pliocene Guour^, 


S). ^Ve amTip^e these groiijis iiiulor one category, becanse 
•Jirv evidently belong to one continuous ;ind undisturbed life- 
1, rind. and are all the sedimentary results of the ordinary opera- 
Ilf a(|ueous ageiuiy. It is quitt; trut' the pe.r-centage of living 
is nineh less in the lower beds tlian it is in Ihe middle or 
rjijii'i'; liut llu‘ numlierof idmitical sp(.‘eies which runs tlironghont 
liir whole, and the impossibility, in most districts, of making any 
l:thologie;d separation, renders it Ihe safest and most intelligibh' 
pLiii to treat these three groups umler one head, and tin; ]ilt‘isto- 
. lie or bnuhier-drift under another, d'lie line of se])aration be- 
iwivii these two great forma.! ions is broad and unmistakable ; it^ is 
iK.it so between the eocene, mioeeiu', and |»liocene series, and need 
H it he attem))ted unless for the ])urpose of working out local de- 
iiiils, ( 'onfining our remai-ks to the three lowc-r groups, we lind 
till' eonpiosition and succession of tludr stra,taso extremely varied 
:ind irregular, that it is ne.xt to impossiide to give anything like 
:i gi'iiL'i'aHy a])pHeable description. 'Phis much may bi‘ said, that 
liitdr areas are usually well detiin'd, as if originally de))osited in 
inland seas or estimries ; t hat t hev givi^ evidence of fnsjinmtaltiir- 
iiiitions of mari)ie with fresh-water sediments ; and, on the whohg 
nv* less consolidated than the rocks of older systems. They eon- 
■I't for the greater ] tart of (days aii'l sands, with inicrstratilied 
iiiiwstones, gypsums, sirna'ous sandstones, ca leans tus grits, marls, 
:iiid occasional bc( is of lignite. With respeetbt Ihe ('omjtosiiion 
:iiid su('(’cssion of their strata, tin* ftillowing synopsis of the. English 
’ rtiaries will eouvey a hotter idea tlian any detailed deserijttion ; — 


I’hlOCENE. 


MtOGENK. 


MamMALIEEROES Chau of Norfolk :mtl SolVolk. —Consisting 
of. shelly tieds of suinl, liuniniiled ehiv, and yellowisli loam, 
witli layers of Itinty shingle rejiosin'-; on (ho eiialk, and 
gcMierall'y coveiwl with a thick lied of gravel, alionmling 
in tlio bones of mammals ; hence the n:one. 

Uki) Ckag of Norfolk and Snlfolk. — A de(*)t ferniginous 
shelly sand ami loam, with an at nmdanee of marine sholl.s, 
iVci|nc*ntIy rolled ami eomminnted. 

Cokai.i.ink Chao. -A mass of shells and corals in ealoareon.s 
sand ; or eomgaeL, and forming flaggy beds of limestone, 
with bands of gnsenish imirl. Some of tho harder portions 
arc used as bnilding-stune, 

Suiiposcd, on pakeontologieal Ltronuds, not to lie re.]irescntod 
by any of onr British strata, unless perhaps (according to 
Lyell) Ihe Icaf-liods of Mull imd tin; lignites of Antrim 
belong to this period, Tlio subject, Imwever, is still open 
to doubt. 


hOCENE. 


/ FluviO'Makine, or Marino-Eacc.strink Bkiis of Hamp- 
) shire and Islo of Wight. — Consisting of clays and marls 
h sometimes indurated, of Siindy clays and subordinate layers 
y of silicoou-s liiiiestoue. 
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"BagshotSands.— A marine series of loose sands, sandston* 
greotiish sjindy clay, and fissile mai ls. 

London Ci..vv.-- A brown or dark-bino or blaekisli ti iiai , , 
clay, with layers of argil lo-calearcous nodides. L ivlis , • 
greenish sand, and nia.sses of gypsum, and iruii-|iyi iu sij, t 
unfre(|uent. 

EOCENE. •{ Bog.nok Bkus.— O ccur towards the base of the London , l:,v 
anti consist of calcareous ami siliceous thhIuKs, i r 
coarse green indurated sand, with .seidaria and jiunuTni:s 
marine shells. 

Plastic Clav and Sands. — C omitosed of sand, shin.d', 
moKletl clays, and loam, with beds of rolled Hints an l 
mailno sliclls. 

Or, attempting with Professor Phillip.s to arrange the hiuglisli tcr- 
tiaries into [lala'ontologieal “ periods,” we should then have; the 
annexed subdivisions ami series : — 


^ fCnAG Pkhiod.— f'ctaco.'i, nunsto- f Littoral deposits on the slioios of 
y don, rhinoceros, felis, hitra;! this German Ocean, wlioii the 

O shells numerous, of e.xisting gc--( land was id. ii sornewliai 

2 nera, fretpieiitly of e.xisting s|to- 1 level than now. Coi'alliue and 

^ b cies. 1^ .shell deposits fiirthcr from shuiv, 


Dhcontinuitu ofsucremoii. here, —Miocene strcita not cxixtinfj in, HeiOiii.. 


('UlM’ER MAFtlNO-LACUSTIUNK PK- 
Kion. — Piilicotherium, anojilo- 
tlieriurn, climropoLiuim.s, iic, ; 
shells of existing goiuTii. 

Lowiiii iMarino-Lacustrink Pe- 
riod,— .Shells of existing genera. 
Barton Pkhioo.- Shells mime 
rolls, mostly of existing genera, 
hut not often of existing sjiceies. 

BracklksuaiM Period. 

^ Bognor Period.— Shells numo- 
W rolls, mostly of existing genera, 
r.u'cly of existing species ; land 
nniniiils mostly of extinct ge- 
nera — coryphodon, hyracothe- 
riiim, didclphys, niacacus. 
Thankt Period. — Shells few, 
analogous to those above, dis- 
tinct from tlio mesozoic sliolls 
^ below. 



) Frcsli-watcr and marine driiositi 
> of Ilcmpstoiidiind Bembridgo in 
j Isle of Wight. 

) Fresb-water and maritio deposits 
} oflleiulonllill. 

) Marino, argillaceous, and iireiia- 
I ceous deposits. 

) Arcnacoou,s, argillaceous, and lig 
j nitic deposits. 

1 

1 Marino, argillaceous, and arenace- 
ous deposits. Sei>tari;i. 

I 

J 

I Marino and fliiviatilo doi>osiis, 
\ lignite, pebbles, coloured cla\ s, 
j and sands. 


In studying the jireceding synopsi.s, the .student must not nt- 
tacli to these so-culled ‘‘ jicriods” an importaiiee and signilic.niec 
tliat was never iutemled by Profe.s.sor Phillips. It i.s by no 
means attempteil to set up the Thauet or Bognor beds as the e.x- 
poueuts of independent “ life-period.s but simply to imply that 
.sectioually as well as palseoutologically the one .set precedes ainl 
is separable from the other, while all are component port ions of 
one great cainozoic system. The term “stage” (daye) h.ad been 
happier and more applicable, viewing the respective series as sue- 
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(vmive steps in n grent formation, and regarding their fossil dif- 
t; as arising more IVoni local variations in the areas of de- 
anti fro!n other geogra]diical conditions, than from any 
uKakutl biological progression during the time of their deposition. 

;)s(;, Taking the preceding talmlations as snlliciently descri\)iive 
nftlie London and Hampshire tertiarics, we may, for the sake of 
('(iniparison, subjoin a section (in descending order) of the strata in 
:lie 1‘aris basin, which are usually regarded as the efjuivaleiiis of 
ill.' I'inglish eocene, and which have long since hceii rendered 
c!;i.ssi(‘ l)y the distinguished researches of Cuvier, Brogniart, Brt'- 
vc>t, and iJ’Archiac : — 


UITKR EOCKNE. 

1, Calciiiro do la Bcauco, or upjxu’t 
fivsliwutor, und Grbs do Fountain- vHoinnstcad scries. 

l-kaii. j 

MIDDLE EOCENE. 


Gypseous series and Middle fresh- 
water ealcairo luenatro inoyon. 
Calcairosiliceux (in partcontempn- 
raiRiuns with the succeed ingj^roup?) 
1, Gri's do Beauchamp, or Sables 
Miiyeiis. 

rpper Caleairo Grossier (oailasse) 
!Uid middlo Galeaii’o Grossier. 

't Liiwer Oaleairo Grossier or Ghui- 
ciiiit'o Grossibro. 


Bemhridgo scries. 

1 liower ])art of the Bembridgo 
) scries, 

) Osborne series and upper and niiil- 
( die part of Headon series. 
niea<ton Hill sands, Hartoii, Upper 
\ Bagsliot, andiiartofBrackle.shain 
( beds. 

Brackleshain Beils. 


f Lower Bagshot, intermodiato in ago 
SeissonaisSands, orLitsCnqnilliei-s.-x between tito Boacklesham beds 
( and the London clay. 


LOWER EOCENE. 


\ Argilo Plastiipic et lignite. 


Plastic clay and sand, with lignite 
(Woolwich and Reading scries). 


2S7. As with the Paris and English deposits, so with the other 
t' rtiary liasins ol’ Southern Enuico, Spain, Austria, Hungtiry, 
Italy, ikc.— all of them exhibiting an irrcgultir succession of days, 
^^aiiils, limestones, marls, gyp.snm, and lignites, whidi, when 
I'Xaiuiuod lithologi«illy and ptiheoulologically, are clearly refer- 
‘'dile to the same period of formation. Among the most reinark- 
!ihle features of foreign tertiarics are the \ii ftimn<d and jiiimmuf- 
'Gc strata— the former constituting such rocks as the “ tiipoli” of 
hehcinia and Virginia, and the latter the “nummnlitic lime- 
so ahuudant in Southern Europe, Egypit, and Asia. The 
tri])nli consists almost entirely of the siliceous coverings of infu- 
sorial animalcules, and is often of great thickness, as at kiehmond 
in Virginia, where it is ue.arly thirty feet ; and the nummnlitic 
limestone, which is composed of coin-.shaped (ummiivK, a coin) 
ihraminiferous shells, is jierhaps the most important of tertiary 
drata. Eespecting this limestone, which was till recently regarded 
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as belonging to the cretaceous system rather than to the hn'^e ,,t' 
the eocene tcrtiaries, Sir Charles Lyell remarks, that “it olhli 
attains a thickness of many thousand feet, and extends from tli.- 
Alps to the Apennines. It is found in the Carpathians, and in 
full force in the north of Afri(!a— as, for exam])le, in Algeria and 
Morocco. It has also been traced from Figy]jt into Asm ]\Iiin,r. 
and across Pei'sia by liagdad to the mouths of the Indus. It 
occurs not only in Cutch, but in the mountain ranges whieli sepa- 



1. n, Nuinmulilfs l.i- \ ; a, Stvtiua of do. 


rate Scinde from Cabul ; and it lias been followed eastward into 
India.” Another jieculiar rock of the period is the 

oi Auvergne — a series of fresh-water strata, alinnst 
wliolly coin])osed of the eases or “ indiisi.-e ” of caddis-wornis ilhe 
larva; of Pftri/iianm). («i*eat heaps of these cases havi; 
inerusted with <!a,rboiiate of lime, like shells in recent shell-marl, 
and have subsequently been consolidated into a species of tra- 
vertine. The rock is described as “sometimes purely calcareous, 
but there is occasionally an intermixture of siliceous matter ; and 
several beds of it are frefpiently seen, either in continuous iniissrs. 
or in^ concretionary no<lules, one upon another, with layers of 
marl interposed.” Besides these indusial, infusorial, and nniiimn- 
litic linnistones, there are othoi-s of true oolitic texture (in tlir 
basin of the Limague), and scarcely distinguishable from our 
older Bath stone, were it not for the land-shells and bones oi 
quadrupeds interspersed through the ina-ss. 

rala!ontol<>gic.al Aspects. 

288. As already stated, the organic remains of tlie system are 
all of cainozoic types — that is, either closely resemble, orareidcu- 
ticiil with, existing genera and species. Of course, since the coiii- 
niencement ot the Eocene period, many forms of life have died 
away, and it is to the.se extinct families, rather tlian to those still 
surviving, that we sliall now direct attention. The Flora of the 
tertiary exhibits few marine species -the loose and unconsolidated 
nature of the deposits being imfavoumble to their preservation ; 
but the iluvio- or lacustro-marine beds contain remains that can 
be referred to the lycopodiums ; to the palms, cycads, and coni- 
fers ; and to the leguminosie, amentacenc, and other true dico- 
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tvledonous families. Detached leaves, fruits, seeds, and secd-ves- 
a'ls ai'o common in the clays of the fiondon basin ; and the lignites 
of FriTice and Germany exhibit abundant evidence of the dieo- 
tvKdonous or true timber-tree structure. Sindi names as Itfcupo- 
kcs, If'ihdlarui (fan-palm), carpoliiltts {carpos, fruit), ci'tpiwssi- 
uds (cu})ressus, the cypress-tree), soknontrohn.'i (Mruhilm, a fir-cone), 
pihdulea {faha, a bean), Uguminositcs {le;jumen,ii |)od), tnearpdlitrs, 
nipaiUtes, mivwsiie,%pet.roph)/lloid(;s, cliam and the like, sutlicicntly 
iiidieate the external appearance and sup]>()sed alliances of these 
ven'tdahle fossils. As already mentioned, the great repositories 
(if tlie Tertiary Flora are the hfcustrinc lignites, and from these 
)I, ISrogniart has obtained the fidlowing classifie<l examples : — 
I'tilnlar Cryptogams, viusciti's ; Viiscular Cryptogams, ('(piiMltcii, 
jiliritrs^ hjeopoiUk^^ ('ham; Gymnospermous Fhanerogams, rn’/z/w, 
l't.rl.(('3 ; Monocotylctlonous Phanerogams, Kvillanfc.^ JfalAlaria, 
poaaka ; and Dicotyledonous Phanerogams, roy/^/>fo- 
nuijtrfultt, ('di'phnfif, phi/JIif(’!<^ xpiuplnva^ <‘>(luii((s, ('arpolilltcK, 
mill f j:()(/(atl(t% (3n tht^ whole, the flora, of the 'rerliarv c))och is 

yet indifferently worked out, and considering the clo.se allinity 
"f its ])lants to those of existing sub-tropierd regions, the fact is 
liy no means creditable to the science of Potany. The nmiaijis in 
tlio Bovey lignite, for examj)le, are no doubt difficult of pr(?serva- 
ticii, hut when fresh taken uj), their characters are often clear 
and well-defined, and much good work might be <lone liy a. (juali- 
tied botanist in the course of a single summer’s re,sidenc<'. 

Of the Fauna, the invertebrate orders— infusoria, foi'a- 
tiiinifera, corals, sea-urchins, star-fishes, ser])uhe, barnacles, Crus- 
tacea, and shell-fishes~are extremely abundanf , both numerically 
and in point of species. ()ur limits will only jiermit us to men- 
tion a few of the more common genera— and these as occuri'ing 
niore especially in English and Continental strata. The foramin- 
itci’a are jierhaps most abundantly rejiresentcd by dentalina, 
niminnlites^ orhitoidi'S, polijnvu'phim^ mlcaniia^ Id-, 
h o, and (pdn-([ue liKidim ; the alcyonia hy (jmphnhma and (dcip 
(>nium ; the corals by turhinolia, paraci/alhm^ deiulmphyUvi, 
f'"i'!lophjjlli(i, &c. ; the sea-urchins by ecliimis, aidaris, Iwmiadcr, 
^dniKHuptmm, &(;. ; the star-lishes by aMropt'Cten and (/oniadtr ; 
the orinoidsby peittarrinusninX coimlula ; the annelids hyaerpnla, 
pn-orhu, and lu rmicidaria, &c. ; the cirripeds by halanm and 
pdl wipes ; and the crusUicca by such common forms as pa.yurus, 
i'mthopsis, hofoparia, areha‘ocaraJ)m, cythcre, and ci^therella. So 
closely related are many of the testacoa to those of our present 
Seas, that, as formerly stated, the groups eocene., ndoi'.em, kc., have 
I'cen instituted on the per-centage of existing .shells found in their 
slraia. Thus : 

Pleistocene, from 90 to 98 of living species. 

Pliocene, „ (50 to 80 „ „ 

Miocene, ,, 20 to 30 „ ,, 

Eocene „ 1 to 3 ,, „ 
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Of iliese some of the most persistent and widely distill, lu,^ 
genera are the bryozoa eschf mi, /lustra, lepra/ ia, 
tu/mlijjora ; the nionomyaria ostrm palm, lima, and nun mi,, ■ 
tlie dimyaria cardium, astarte, tellina, corbida, area, nacah, hi, ',,,., 
&c. ; the gastero])ods ccrllhitim, fusus, mnrux, pkuruloimi, 

7iati(;a., (H)luta,pi/ri/la, turUdla, olira, conus, li/mucii, p/unui ln'.^, y,'.; 
and the e(‘])halo])o<ls vaulilus and hclosepia. Su eluseJ\ .iHinl, 
indeed, are many of these tertiary genera to the inhabiiani ^ uf 
existing seas in one or other region of the world, that the lii'>i 
way to study their variations of form, is to aiTange tluni cn. snii.;, 
with the shells of tin; modern eonchologist. ?jy this inelhoil th,. 
student will perceive at aglance the olfects of elimati! and haiiitut 
on living races, and he will be enabled to trace down t hi-ough 11 , 1 * 
pliocene, miocene, and eocene strata ihat gradual deparliiiv fiMm 
existing forms which ‘‘ju'ogress in time ’’seems tostam]i on vital 
inanifestations even over the same areas of the world, and wliert; 
there is no apparent change in physical conditions to account i'or 
the onward mutalion. With l•es])ect to the FisiiKS of the teniarv 
epoch, “ they an; so nearly n;la,(ed,” says M. Agassiz, “ to exi^tinj; 
forms, that it is often diliicu II., considering the enormous niinilK r 
(above bOUU} of living species, and the imjierfeet state of ])rcsri \a- 
sion of the fossils, to determine exactly tlieir sp(!cifie relations. 
Jn general, I may say that T have not yet found a single spcciis 
which was ]it;rfcctly identical with any marine existing fish, ( \ 
ce[il the little species which is found in nodules of clay, of iin 
known geological age, in (drecnland.” 'I'he most common idthpi- 
litcs in the English tertiaries are the shark-like teeth of gigaiilic 
placoitls, which seem to have thronged tlie waters, and are know ii 
by such names as m jilinhatis, aiiluhatis (ray), laiiina, cairliarodm 
(shark), prist is (saw-tisli), otod ns, ikc. ( )f tin; ga.noids we have .'ii'ii 
forms as plii/llodtis, hpidosti ns, and acripmsrr (sturgeon) ; ol' cyc- 
loids, (V(/(>r//yy/c//?as' (sword-fish), co7oyana</,Ao//<yv,, s7cas, and go// cy- 

7Uith us ; and of ctenoids, calopi ira, perrosfoma, enrpijnat/i ns. a nd 
sciaenurus. In tlie fresh-water lignites the genera /xara ('perch , 
'iit/oiil, /( nsci,srns,:un\ ci/prinns (carp), are peu-haps the mostalnin- 
dant. Among the llKJTinKs the most common are tlie fresh-uatcr 
and marine turtles (c//r /one, i mi/s, IrinnUA tuui platnniis]: ti'ii'' 
analogues of tin; existing crocodile and gavial (I'rocnddns, ijanolis.^ 
and al/ii/ator) ; and s(;a.-snakes {palaop/iis and palri'i/s'). t h 
IbiiDS several species have been described, chiefly from the Eari^ 
miocent; strata., and these would seem to lie connected with the 
genera buzzard, ([uail, curlew, sea-lark, king-tislicr {^/la/ri/onns , 
pelican, and vulture {lithornis) ; whiK' many unknown fivignu nH 
of bird-bones are merely as yet ranked under the general Icriu 
ornitliolitis. Of tin; AlAiiMamA every existing order has had 
its tertiary representatives that is, if we include in tliis cate- 
gory all the strata and accumulations which occur bctvccu 
tin; older eocene and the “ newer” ]iliocene that lies immediately 
beneath, and in some instances inosculates with, the “glacial 



PAL.f:ONTOLOGY OF. 


221 


iirtrtbern drift” of the pleistocene epoch. It must l)e re- 
however, that, though eertaiu forms run throuLdiout 
tii,' t ilt ire system, many are specially eharaeleristie of the 
and mioceiie, while othci’s do not a])pe:\r till towaials the, 
(if tin; plioceue, or even the commeiicemeut of the pleisto- 
f. iii' (poeh. Of course, the intelligent student is now prepared 
1 ,i'siich 'ii-adations and advanees during evany geological era ; and 
tliMimli tlien; eau he. no satisfaelory working out of details witli- 
(,iii stadi divisions and stages, it is enough for the pinposes of a 
iieral elementary outline to note merely the leading linans t hat 
lii'liiiig to the system. Thus the Oetaeea, (whales) are represented 
liv scV(.M-a,l speeies, as Ixifdi'im, Ixi/iiriKidon, and rdo- 

nr fossil ear-hones of unknown species ; thti Kdeniata ftoolh- 
f vsaiiiiii.'ils) by gigantic analogues of ihc* sloth, aianadiilo, and ant- 
cati i', as ineijiitlK-nmii Igreat wild he;ist\ iiKyidoin/.r (givat claAv), 
(sculptured-tooth), {oxihIoii, mt/lodon, ixiclti/tkcriamy 



the Enminanlia(end-ehewcrs^ hy several species of elk, stag, 
'"if'‘kp('. l)u(l'alo, ox, Ac., ;is .>'l/)li<Kl(Ui.,dirli<>lti(id\ (u rrtti^ miyan’rax^ 
'''■''■y Ac., and by some enrions intermediate form.s, uniting, 
if Were, the characters of ruminants and pachyderms, as diHir 



(from tlie Sivalik range in India), ocrodon, and encrota- 
phus, the camel -like meri/cotha-ium from the iSiberiau drift, 
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and tlie llaina-Iike rnacrauchmia from the pampas of Bnizil ; 
the racliytlerniata (thick-skins) by numerous uncouth ta|)ir-like 
forms, as pulm>thenum {pahth.% ancient, therium, wild beast . 
anopfoilicnam- {(rnoploa, defenceless), deinothei'kim {deinns, ter- 
rible), p<dophtheni(in, and cort/phodon — Iiog-likc gtmera, as 
hi/racothcrruvi, <‘h<j rop}Otamu.s^ and ht/opotamm — intermediate er 
comjjound forms as dicfiudon, pa brother iuvi,, &c. — allies of 
the rliinoeeros and hip)>opotamns, as accrotherinm. and a/rluio- 
therium- and true cie])l»antoid genera, as the mmtodon and mitm- 



moth : the Rodeidia (gnawers) by a number of speci(rs, chielly 
from tlie Paris miocenes, a, Hied to the beaver (castor), liare 
(hpus), rat {ha/onip). s(|uirrel, &c. ; the (larnivora (tlesli-devoma'rs) 
by s|)('eies akin to the lion (fdls), bear {ursits speheus), livaaia 
(hi/ao(.o(lo)i), intermediate! ])etween theliyama and tiger (viacairo- 
d«.s‘), otter (/Wrrf), fox, seal, e't'C. ; tlic! Inseetivora (insect-eaters) 
by remains of a spi'cies of mole {spalacodon) ; the (lheiiopt('ra 
(liand-w'inged) by two or thi‘ee species of bat from the gy]>smn 
beds of Montmartre (respertUio) ; the Alarsupialia (pouch-mirs- 
ing) by several species allied to the kangaroo and opossimi 
{didelphifs and maeropns), and some pachyderm-like representa- 
tives of the same great group as diprotodon and ■iiototheri/iiii ; 
and the Qnadruinana (four-lianded) by one or two instances from 
the eocene beds of England, apparently related to the Old-world 
monkeys (inacac'iis). Thus, every order of mammal, with the 
excei>tion of man, has its representative during the tertiary 
e})och- didering it may bo in certain species, but still j)resentiiig 
on the whole such a facies of resendjlance, that one feels that he 
is apj)roaching the confines of existing nature. 

2h(). (Contrasting the fauna of the Tertiary with tho.so of earlier 
epochs, the student cannot tail to percaiive that its grand dis- 
tinguishing feature was the prevalence of mammalian life ; and 
comparing these mammalia with those now peopling the globe, 
he must bo struck with the frequency of compound or inter- 
mediate forms. At present, many of our zoological 
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one into tlio otlicr by tho finest gnidatioiis ; during tlie tertiary 
epoch, similar connecting links seem to have prevailed hetweeli 
the most distant mammalian onhra ; and thus we are presented 
with cetacean-like pachyderms, pachydenn-like ruminants, and 
ruminants that seem to coalesce with tlie edentitcs and rodents. 
Among these curious forms we may notice tlu; anojilollicir, which 
combines the pachydermal eharactei-s of the tapur with tlu; light- 
ness and agility of the ruminant gazelle ; tlu* dt'inoihnr, with its 
elephanta,! trunk and morse-like tusks, allbrdinga ikav and im])ort- 
ant link between the cetaceans and jiacliyderms ; tlie loilidti /r, 
that connects still more closely the (|ua<lrupedal hipjiopotamns 
with the natatorial diigong ; the that stands inter- 
iiiediato between the river-hog and hippojiotamus ; the //zzrczvzzz- 
cAc/zbr, which forms a new Hide between the aberrant group of 
ruminants to whi(;h the camel and llama belong and Hk; true 
pachyderms ; the gigantic with its prehensile trunk and 

foiir-horneil skull, exhibiting at once the adaptations of the (!l(‘- 
])h,‘uit, and the defences of t he ruminant anteloju* ; Un' r/nsiiiot/irrc, 
that connects the bulk of the ungulate rhinoceros with the swit’t- 
iiess of the solid-hoofed horse ; and the carnivorous 'iiiiiclKiirndNs, 
tliat combines tho size ami weight of the grizzly bear with the 
trenchant dentition of the Bengal tig<n-. 1'hese, and many mm-e 
descriljed by Cuvier, Kaup, ()w(,‘n, ami others, open up new and 
(-‘xtensive fields of speculation to the. anatomist and physiologist, 
'.onvincing them more and more tliat a eomjuadieiisive and satis- 
tactory scheme of Ifiology will never be obtained till the dis- 
coveries of the ])akeoutologist arc* grafted upon and interw'ovcn 
'vitli the classification of the zoologist. 


Pliysitail and Geogra|)hical Fcaturc.s. 

201. With respect to the extent and distribiitimi of tin' lower 
tfU'tiaries- laying aside the nummulitie linuistone, which is in 
some respects a peeidiar a.Md doid>tlid (hivelopnieiit, wc have as 
Vet no certain knowledge. As there is often no jiei'ccptilde 
■uiiieral distinction betxvec]! m.any clays, sands, and gravels, it 

only by their imlzedded fossils th.at geologists C4in dcten/iine 
their tertiary or post-terliaiy (di.araetcr. Many ai'cumulations at 
[U'c.sent regarded as sufzerficial may be found hereafter to be of 
older date ; and thus it be(>omes dillicult to fix with certainty the 
geographical limits of the system. So far as Europe is concerned, 
tertiary deposits have received consideralde attention, and their 
:P‘ea has been found to be much more extensive than was at one 
time supposed. In general, the dejMJsits occupy well-defined 
tracts or basins ; hence the freipieni reference in works on geo- 
iogy to the “ London basin,” “ IIamj)shire bjisiii,” “ Paris basin,” 
“ Vienna basin,” and other tertiary areas in Europe. As far 
■'VS discovery lias gone, there are few coimtries in which ter- 
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tiivry strata have not been delected (sec Eecapitidatory t:\liul:i- 
tlon); and wiiile Ave re.i^ard tliose of Kii_<;laii<l, Fi-aiieo', Ausli i.^ 
and Italy as typical, we must ever hear in mind tliat eonsidtaalilc 
niodifications Jiiay reipiire to he made, as the tertiarii's df India 
and North and 80 ntli America come to l)e more closely exaniiiml. 

One im|)ortant fact must not he lost si^dit of in di' iwin.r 
any geiua-al conclusions from the distrihutioii of tcu’tiary dc|iosiis 
viz., that as the famia and llora of tlie ])eriod apiiroaidi in 
character the fauna and flora of existini^ nature, and that as I hr 
jdaiits and animals of Enro]>c, India, Australia, South Anna'ira, 
i^e.. all (litter widely from each other, so may we expect sitiiilar 
ditfei'cmres amonu: the fossil remains of these distant rcLdns. 
.\ndtliis,aswill afterwards he seen, isfullyhorne out— theti-rt iarv 
mammals of South America resemhlini^ the sloths, arniadi I Iocs, 
ant-eat(.'rs, and alpacas of that (Xmtiiient ; those of Australia its 
marsn])ial knnyaroos and (.(possums ; those of New Zealand ylyini- 
tic winyl(!ss hij-ds like th(‘apteryx ; while those of the Old World 
hav(! more immediate relationsldp to its elejdiants, rhiiioeefoscs, 
hors('s, dee)', and oxen. A few i^euera, indeed, as the niaslo- 
doii and hoi-se. s(>eni to have enj((yed a wider ran^e— fossil sjic- 
cies ludiiLt found .simultanoni.sly in Europe, Asia, and North and 
Sontli America; hut this can s(’a.ively invalidate the .unreal yme- 
ralisatioi) expressed hy rrofessor Owen, “that i)i the liiLdc'st 
oro’anised chiss of animals the same forms were restrict('.(l to tlic 
same ,<,u'(\'it in'ovinces at the Pliocene period as they am at llu- 
]iresent day.” And here it may l)e lamiai-kcal that the stu- 
dent cannot too eai'ly direct his attention to the laws which 
mandate the distrihutioii uf life (ui tin; i^lohe, and be ahh“ to 
(list ino;uish cleai'ly between tficiit'if/f and irprcsenkUioib of species. 
Dui’ini^ the Paheozoic and Ah'sozoic epochs there ;i])pears to haw 
bi'cn a giT-atcr identity of sp(-cies ovan* xvide amas ; dui'iny I tic 
jireseid period the areas ar(! more cii'cumscrihed, and the s|ieci(‘S 
in one ingiou are only the representative's of those inlKdiitini 
another— that is, are s])e(n(i(xdly dilferent in form, but discharge 
the same fumdious in tlie economy of nature. Thus the eh'phaiit 
of India is only ivpresenled by, and not identi(xal with, the clc- 
])h:int ol Atrica ; the lion and tiger of Asia are representcl h\ 
(he puma and jaguar of America ; and the African ostrich timls 
its repn'sentative in the emu of Australia. 

2 l)T The igneous rocks associat(xl w'ith the system may, with 
the exception of a fexv doubtful cases, he ranked with Yolcaaii; 
or ])ost-tra])pean products. In England the tertiary sti'ata lia\c 
suffcnal no internal change from igneous action, though, since 
their (lcp(xsiti(>n, vast displacements have taken place, giving rise 
to the synclinal basins of L(.)ndon and JIampshire, and the in- 
clined and even vertical strata of tho Isle of Wight. In Scot- 
land the (miocene?) le.af-he(ls of Mull ai'e Intel's! ratified with 
igneous tufas, and the Hebrides generally, as wmll as the o])positc 
coasts of Ireland, give evidence of volcanic activity during tin' 
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or At aW cvoTits towArdstlio closo, of tlio pliocoDo soncs 
III Ceiilral France (Auvergne), along tl»e lUiine, in Switzerland 
(the Alps), in Hungary (the Carpatliians), and in Italy, there are 
ample evidences of volcanic activity during the deposition of the 
system, and of enormous displacements and elevations sultsequent 
to its close. ‘‘ When we have once arrived at the conviction,” 
says Lyell, “ that the nummulitic formation occupies a middle 
Iilace in the co(!ene series, we are struck with the comparatively 
modern date to which some of the greatest revolutions in the 
])hysical geography of Europe, Asia, and North Africa must be 
referred. All the mountain-chains, such as the Alps, ryrenees, 
Carpathians, and Himalayas, into tiie composition of whose cen- 
tral and loftiest parts the nummulitic strata enter bodily, could 
have had no existence till after the Middle Eocetie period. 
1 during that period, the sea j)revailed where these chains now 
rise ; for immmnlitcs and their accompanying testacea were un- 
questionably inhal)itants of salt avater. Tiefore these events, 
comprising the conversion of a wide area from a sea to a conti- 
nent, England had been peopled by various quadi-upeds, by her- 
bivorous pachyderms, by insectivorous bats, by oi)os.sunis and 
monkeys. Almost all the extinct volcanoes which preserve any 
remains of their original form, or form the cratei's from which lava 
Streams can be traced, are more modern than the eocene fauna ; and 
besides these superficial monuments of the action of heat, Flu- 
tonic intluencos have worked vAst changes in the texture of rocks 
within the same period. Some members of tlie nummulitic and 
overlying tertiary strata called flpek li.ave aetnally been con- 
verted, in the Central Aljis, into cryKtalline rocks, and trans- 
formed into marble, rpiartz-rock, mica-schist, and gneiss.” The 
crateriform hills of Auvergne and the Rhine present the tinest 
oxamjjles of the latest igneous efforts of the period, and form as 
it were a connecting lithological link between the secondary traps 
And the jiroducf s of existing voleanoe.s. In their mineral com- 
1‘ositiou the terliary traps are chiefly trachytic— graduating from 
A ('omjiact felspathic greystone to a scoriaceous tufa, but in no 
instance presenting the dark, augitic, and hasaltiform structure 
of tlie carboniferous traps, nor the amygdaloidal and ])ori)hvritic 
texture of those associfit-cd with the old red sandstone and 
Silurian strata. 

294. Respecting the distribution of sea and land, and the 
Hirnatal conditions of the world during the deposition of the 
tertiary strata, it is difficult to arrive at any satisfactory conclu- 
sion. It is certain, however, that one or other of the grouiis is 
to be found in every region of the globe ; that in some instances 
they are strictly marine, and in others as decidedly fresh-water ; 
■'vhile in many basins, as in England and France, they are partly 
fresh-water and partly marine, as if there had been frequent sub- 
mergences and elevations, or, at all events, periods when fresh- 
■vvater inundations prevailed in the areas of deposit. As to 
P 
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physical conditions, the cycads and palms and monkeys of ihe 
London basin f^ive evidence of a genial climate— a fact fuillier 
corroborated by the huge pachyderms of the Paris strata, tlw 
gigantic edentata of South America, and the larger marsupials of 
Australia. On the whole, there seem to have been wide are.as 
of .shallow sea.s thronged with tlie humbler as well as higher fornis 
of marine life ; low .sunny islarid.s crowned with cycads and 
palms ; broad estuarie.s prowled in by sharks, and tenanted along 
.shore by herds of halitlierc.s ; rivers swarming with ga vials and 
crocodiles ; lagoons and fresh- water lakes thronged withantlinioo- 
theres and hippopotami ; den.se m.ar.sliy jungles tor the deinoiliere, 
paheothere, and rhinocero.s ; vast forest-wilds .and gras.sy jviuip.-is, 
where roamed the nuustodon and mammoth, or lazily S(juatted tlui 
megathcre, mylodon, and glyptodon ; open pasture plains for the 
sivathere, urus, and bullalo ; and still higlier and dryer regions 
where the notothere, mei’ycothere, and macrauchenia foraged for a 
coarser and .scantier .subsistence. 

295. The industrial j)ro(lucts of the system are building-stone 
and marbles of various f|uality ; limestones of considerable vn lue ; 
l)ipe, potter’s, and brick clays in almndance ; gypsum, or the 
well-known “plaster of Paris;” and the highly -valued hnrr 
millstone, which is obtained from the upper fresli-M'atei* lime- 
stones of the Paris basin, as well as from the eocene beds of ihe 
Southern States of Aim-rica. Lignite or “brown coal” is also 
workt'd in several tertiary districts, as in France, Gei'inany, and 
at Bovey ’fracy in Devonshire ; and amber and retiiiasphalt, 
which arc fossil gums or gum-resins, are iikewi.se obtained from 
the lignitic beils of the series. As the Bovoy beds are the only 
tertiary lignites worked in Britain (being u.sed for the j)otteri('S 
of the district), and ms they form, moreover, an intermediate 
lithological stage betw'oeii the true coals and modern ])eat-moss, 
we in.ay notice their mode of occurrence, as described by Dr 
Milhir, and corroborated by our own investigations. “ 'J'he whole 
series dips to the .south and south-(ia.st about 20 inches in a 
fathom, ’riie perpendicular thiekuc.s.s of these str.ata, including 
the l)cds of pipe-clay with wliich they are intenstratilicd, is about 
70 feet. 'I’lierc are about .six of each, and they are found to con- 
tinue eastward iu an uniuterrupted course to the village of Little 
flovey, a mile distant, and probably much farther. The strata of 
lignite near the siirlkce are from to 4 feet thick, and are sepa- 
rated by beds of brownish unctuous clay nearly of the .same 
dimensions, but diminishing in thickness dowmvards, in propor- 
tion as the lignites grow thicker ; and both are observed to he 
of a more compact and solid substance in the lower bed.s. The 
low’’ermo.st stratum of coal is IG feet thick [its thickne.ss is not per- 
sistent j ; it lies on a bed of clay, under which is a sharp green- 
sand of 17 feet thick, and under that a bed of hard co.arse clay, 
into which they have bored, but found no coal From the sand 
arises a spring of cleju* blue water, wliich the miners call ‘ mundic 
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crater/ and a water of tho same kind tricklinf^ through the 
crevices of the coal tinges the outside of it with a l)lue cast, 
derived from phosphate of iron. Amongst the clay, hut adhering 
to the coal, arc found lumps of a bright yellow loam (retinas- 
jihalt), which burn with an agreeable scent [the lignite itstdf 
i)urning with a st ifling disagreeable odourj. Some of the coal 
is black, and nearly as heavy as pit-coal ; this is called ‘stone- 
coal ; ’ the most remarkable resembles wood in the grain | Ha- 
belliform leaves, coniferous wood, &c.J, so much as to be called 
‘wood or board coal [and some layers consist entirely of com- 
pressed leaf-matter, like the papier kohle of Gerrnatiy. ] Some 
plants, like grass and reeds [ juneeie, pliragmit(!S 1J lie in the alter- 
uatiiig clays, Avhich are in part carbonaceous.” 

Plkistockne Group. 

‘20(1. This group, as the name iinjdies, is intended to embrace 
all tertiary accumnlations, the organic remains of wbieh are chielly 
referable to existing specab^s. In the present state of geological 
knowledge, it is impossible to define with precision the limits of 
pleistoeenc tertiaries, and all that can be attem|)tcd is to arrange 
niider one liead the clays, sands, gravels, and boulders generally 
known as the “ drift, formation.” One thing is certain, namely 
that while tho eocene, miocene, and pliocene strata were gi'adii- 
filly, and durijig a long series of ages, deposited in se:is, estuaries, 
.and lakes, surrounded by lands that enjoyed a high and gu^iiial 
climate, some irnmen.so elianges, ])liysically and geograplde.'illy, 
took place over these areas, whieli brought the plioeeiio to a close, 
ami heralded the advent of tho ])lcistoeene era. The elistrihution 
ol pliocene seas and lands was vii.elejitly broken np, the elimate w;us 
changed, and the huge mammalia that brow'sed iu thousands in 
tile jungly valleys, ami roamed over tho wooded jdaiiis, met with 
a rapid and all hut total extinction. We have already alluded to 
the extensive di.slocations that succeeded the dcpo.dtion ot the 
•stratified tertiaries in England, and to tlio upliea.va.l, in greater 
I>art, ol‘ such gigantic mountain ranges as the Pyrenees, Alps, 
Atlas, (Carpathians, and Himalayas ; ami clearly to some such 

v. ast revolution as this is to ho a.seribed the total change of clirna- 
tal conditions, all over the northern hemisphere, that accompanied 
the accumulation of the, IMeistocene clays, gravels, ami boulders. 
The ordinary depositions of marine and marino-laciistriiie sedi- 
ments are brought to a close, the shell-fish that thronged the 

w. 'iters die and are swe])t together in miscellaneous masses, the 
clephaiitoid and other pliocene mammals succumb to the rigours 
of an arctic climate, and their boues are drifted together in 
monuds of “ ossiferous gravel” and “ossiferous breccia,” or piled 
into caves (“ bone-caves ”) that were formerly tho lairs and hiding- 
places of tlieir carnivorous contemporaries. It is usual to treat 
these ossiferous gravels and cave-deposits as belonging to a 
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PmflacwJ period''' inteniiediate betwoen tlie true pliocene aii(I 
pleistocene deposits ; but as the time was one of extinction, and 
not of creation, it were better to regard it not as an indcpendciit 
life-period, but merely as the capping or close of the Pliocene, to 
wlnnse forms of vitality all its broken and mutilated fi-agmeuts 
belong. 

Ossiferous Gravels, Breccias, and Caverns. 

2fl7. Adopting this view, we may state in very general terms, 
that above, and of more recent date than, the newest pliocene 
lignites, clays .and marls occur in many parts of the nortliern 
hemisphere, accumulations of drifted shells ; gravels replete with 
bones of terrestrial and marine mammals (ossiferous gravels) ; 
cemented and stal.agmitic bone-brecci;is in caves and fissures 
(osseous breccias) ; and caverns in limestone ridges tilled with 
bones imbedded in ocliraccous mud or sbilagmitc, some of these 
the skehdonsof aiiim.alsthat had hiiredand died there, and others 
that had been dragged thither and devoured by carnivoi’a, or had 
1)0011 drifted by waves and currents, while the sea and land stood 
at varying ami variable levels. These phenomena .are clearly the 
results of (he physical revolutions th.at brought the Pliocene epoch 
to a closi', ainl though the remains differ considerably from those 
of the lower tertiaries, and .approxim.atc more closely to recent 
species, still their general facies is terti.ary, and so many of them 
are extimd that it would only be multijdying subdivisions iiol 
wai-ranted by nature, to regard them as the creations of an inde- 
pendent epoch. Attempting to separate the “drifts” or “ghacial 
epoch” from the huimin period on the one hand, and from the 
true tertiaries on the other, Professor Phillips arranges tlu‘ 
Pleistocene thus 

0, PosT-Gr.ACiAL Period, — P cxit deposits, limestone deposits, river dc- 
posits, sc:i-be.aches. (The red-deer, long-fronted ox, Irish oik, urns jiris- 
eus, liippopot.umus, elcjilniiil, forests of ino<leru trees.) 

1, (fijAcrAL Period.— AL'iiino deposits, olny with irregular stones diiftod 
from a distance, i)artially worn or rolled ))ol>lilos or erratic blocks, gravel 
beds, sbell-bods intor-spersed. (Mjirinc shells of Arctic type.) 

it. Pnixa.ACiAl. Period. — Local drifts of gravel and sand, lacustrine 
marls, bone deposits in caves. (Forests of modem trees, Irish elk, ele- 
phant, hii>popot;imus, hymn.a, feli.s speliea, cavern bear, &c.) 

To this propo.sed arrangement it must be objected that we have 
not yet sufficient evidence to prove that man was not tlie coutcin- 
porcory of the Irish elk, urus, long-frontod ox, and eleph.aut in 
Europe, and even if we liad, it is far from decided that he w.asnot 
their contemporary in wide regions of Asia, as yet insufficiently 
ex.amiued by the geologist. Again, there are really almost infin 
per.ahic difficulties connected with the separation of the so-c.alle<| 
glacial beds ; for this reason, that during the downwai'd an^‘ 
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the upward movements of the land the siame clays, gravels, and 
breccias were more than once deposited, re-transported, ami 
a^^aiu settled in the positions we now find them. All that we 
shall therefore attempt is to state the occurrence, between the 
stratified pliocene and the unmistakable l)Oulder-drift, of these ossi- 
ferous gravels, breccias, and c^ivc-deposits, noting that they con- 
taiu the remains of a greater number of recent mammals than are 
found in any of the subjacent tertiaries. It may also be remarked, 
that as many of these caves, and fissures are of vast antiquity, 
tlu'ir lower floors contain the remains of pliocene or post-plioceim 
j'enera ; the middle deposits the remains of true pleistocene 
j;pecies ; while the upper layers of mud and stalagmite imbed the 
bones, charred wood, and rude stone-implements of the human 
rice. Their epoch, therefore, as regards their organic remains, is 
])artly pleistocene, and partly recent ; and though the caves them- 
selves were originally ex(*avated by the waves of pliocene seas, 
most of them have undergone extensive changes alike during the 
])loistocone and current eras, 'riiough treated under the ])resent 
section tlio studeiit }nust learn to regard many of these ossiferous 
aves and'breccias as exjKinents both of the pleistocene and j)ost- 
tiiiliary epoch, and not to confound them, as some are in the 
habit of doing, witli phenomena solely of tertiary anti(|nity. 

298 . The most remarkable ossifennis caverm in Ihigland, ac- 
cording to the authority just quoted, aro Kirkdale Cave near 
Kirk by Moorside in Yorkshire, the l)ream Cavern near Works- 
worth in Derbysliire, Banwell Cave in the Mendi]) Hills, Kent’s 
Hole near Tonpiay, Oreston near Plymouth, Cefn near l)(!nbigh, 
and Pavilaiid near Swansea. In Germany the slopes oftlie Harz 
mountains give us the ciives of Paumann, Biel, and .Schwaz- 
feld ; between the Harz and Franconia is the Bear Cavern of 
(llucksbrunn ; the J ura formation near Baireuth is (mlebi'ated for 
the rich associated caverns of (lailennudh, Wuuderhole, Jhd>en- 
stein, Kahloch, Zahnloch, Schneiderloch, In Westjdialia the 
same oolitic formation has the caves of Kluterhohi and Sand- 
wich. The eaves of Adelsberg in Caruiola, and the Dragons’ 
caves in Hungary, have also yielded bones. In Franc(‘, instructed 
by Dr Bucklaiuf s researches, two caverns, rich in bones, have 
been described by M. Thirria, near Vesoul, and several others 
near Narbonne by ]\[areel de Serres, Tournal, Christol, (kc., and 
one near Mirernont by M. de la None, OsseoiLS breccia ap})ears 
singularly connected with the coasts ot the Mediterranean. It 
occurs at Gibi-altar, in Languedoc, and at several other pfints in 
the south of France, at Antibes, Nice, Pisa, Cape P;ilinurus, 
north of B.astea in Corsica, Cagliari in Sardinia., Meridolee in 
Sicily, in Dalmatia, &c. Ferruginous breccia, in which bones are 
associated with pisolitic iron oi'o, occurs in Wiirtemberg, ami in 
Carniola in Jura limestone. Such are the chief of these curious 
repositaries, whose characteristic mammalian remains may be 
briefly tabulated as follows 
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Elephasprimoffcnius, Mastodon angustidens, &c. Jlippo. 
potanius major, (Jha-ropitamus, rhinoceros tichorhinus, &c. Tuj.ii 
gigantcuR, Hus fossilis, &c. 

Equns fossilis. 

Cervus megaceros, antelope, urns, bos, mcrycoUii'rium 

Sibcricum, kc. 

Carnii'ors. —YvWH. spoluja (speltsa, a cave), hyanaspcUra, and th'! ppcu- 
liiir liar(iu!i(Ml cxereincnt, album gro'cum, of the hyana, macliairodus culiri- 
dens, iirsiis spelans, gado speljens, wolf, fox, polecat, weasel, otter, Ac. 

]iode>its.—l\}ro\\\Am, l)eaver, arvicola, I'at, lagoinys, hare, rahbil, Ac. 

Edeulaks.—'M.ogixlonyx, megatherium, maci-.uichcnia, maiiis giganteu.s, 
Ac. 

In the preceding list sevenil of the species are decidedly dis- 
tinct from tliose now existing ; otliei-s, again, show so little varia- 
tion, cither in form or size, that it is impossible to makci any ilis- 
tlnction beyond that which will always arise from locality, indi- 
vidual constitution, and other minor influencing causes. The truth 
is, the palfcontologist is now so closely on the confmes of existing 
nature, that ho finds it better to note the dropf)ed-out links than 
attempt specific distinctions on such slender variations as })reseiit 
themselves in these pleistocene cavern-remains. 


Boulder Clay or Glacial Drift. 

209. As a whole, there is no class of rocks more perplexing, or 
whose origin is involved in greater obscurity, than this “ glacial 
drift” or “boulder clay” — the “diluvium” of ilie earlier goologist.s. 
{dom[)osed in some districts of irregular ridges aud mounds of 
sharj) gravelly sand ; in some of exj)anses of pebbly shingle ; in 
others of alternations of shingle, sand, and earthy debris ; and 
more generally, perhaps, of various coloured clays enclosing, 
without regard to arrangement, water-worn blocks or Imddei'K of 
all sizes, from a pound to .several tons in weight, it is evident that 
it does not o\ve its origin to the ordin.ary sedimentary operations 
of water. It is also for the most part unfossiliferous ; marine 
shells, chiefly of Arctic type, being found, aud that very sparingly, 
only in certain sands aud clays apparently belonging to the 
same epoch. Under these circurnsbancea it will be sufficient for 
the purposes of tlie student to describe the leading phenomena 
connected with its occurrence in the British Islands and north of 
Europe ; to direct hi.s attention to some of the theories that have 
been advanced to .account for its formation ; and then to refer 
him to a few of the leading monogr.aplis on the subject for such 
details as are necessaidly beyond the limits of an elementary text- 
book. 

300. It has been already stated that the group, now under 
review, consists of accumulations of clays, sands, gravels, and 
V)oiilder-stoues— the latter sometimes lying detached or in masses, 
but more frequently enclosed in the clays without regal’d to 
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irravity or any other law of arrangement. We say “accumula- 
tions ol clays, sands, (fcc., because these seldom or ever appeal' in 
regular strata, but here in masses, and tliere spread over wide 
tracts, as if brought together by some unusual and extraordinary 
operation of water. These unusual appearances have long and 
largely engaged the attention of observei-s ; heuce the variety of 
ilcsigiiations, sudi as “diluvium,” “diluvial drift,” “nortluu'ii 
drift,” “ glacial drift,” “erratic-block group,” and “boulder for- 
miitioii.” When we examine the group as it oecum iu Ih-itain, 
ivc Hud it in some tracts (eastern counties of England) an opeii 
gravelly drift, consisting of fragments of all the ohh'r rocks, from 
the granite to the chalk inclusive. In other districts, as the 
middle counties of Scotland, large areas arc covered wit h a thick, 
dark, tenacious clay, locally known by the name of “till,” and 
onclosiiig rounded and water-worn boulders, as well ,as angular 
traginents ol all the older aud harder rocks— granite, gneiss, 
p'eenstono, basalt, limestone, and the more compact sandstones, 
riic boulders are ol all sizes - from pebbles of a few ])oundH to 
masses of 20 tons weight -are most frerjucntly rounded and 
v’ater-worn, and are distributed throughout the mass without any 
regard to sedimentary disposition. In other localities, both in 
hiigl.'ind and Scotland, we find large areas covered by loose 
rubbly shingle ami sand ; the shingle and saml often ap])earing 
ill mouud-liko ridges {moraum), or in Hat-topped jj-i'egular 
mounds, as if the original gravelly deposit liad l)eeii subsetiuently 
liirrowed and worn away by currents of water. Ocimsiomilly 
districts are thickly strewn with houklers which rest on the bare 
rock-lormatioiis, without any accompanying clays or stuids ; and 
>it times only a single gigantic boulder, or a few “ perehcil blocks,” 
will be found repo.sing on some height as evidence of the drift 
formation. When we come to examine the clays and sands more 
minutely, we find them partaking le.ss or more of the mineral 
character of their respective districts. Tims, the boulder-clays of 
our coal-fields, though thickly studded Muth boulders of distant 
mid primitive origin, are usually dark-coloured, and contain frag- 
ments of coal, shale, and other carboniferous rocks. The same 
may be remarked of old and new red sand.stone districts, where 
the clays aud shingly beds are usually red ; .and of oolitic and 
chalk tracts, where they assume a yellowish or greyish aspect. 

301. In addition to what h.'is been stated resjiecting tlie com- 
position of the drift, it may be remarked that the .sands seldom 
exhibit lines of stratification, and that the clays are rarely or ever 
laminated. Occasionally sands and clays alternate, or a dark- 
coloured clay may be overlaid by a ligliter-coloured one ; but 
more frequently sands and elays occur en rntme, enclosing curious 
“nests” or patches of gravel, and crowded .accumulations of 
bouldcr-stoues. On examining the surfaces of many of these 
Ixiulders, we find scratches and groovings, as if they had been 
rubbed forcibly over each other in one direction ; aud what is 



232 


TERTURY SYSTEM. 


still more curious, the surfaces of the rocks on which the boulder- 
clay reposes are all less or more smoothed (^roches mo nton net s) oik I 
marked witli bold linear scratches and furrows, as if tlie boiildeis 
had been forcibly carried forward, and had scratched and (,n-oovt'd 
them during the passage. Again, these ruts and groovingvj 
all trend in one direction, and that geuei-ally in lines parallel to 
the hi II- ranges and valleys in which they occur. Moreover, most 
of the hills, ;ia in Britain, present a bare bold craggy fnce to the 
west and north-west, as if worn and denuded by water, while 
their slopes to the east and south-e;ust are usually masked vitli 
thick accumulations of clay, sjind, and gravel. This appearance, 
generally known by the name of “crag and tail,” is ascribed to 
the same moving forces or currents which transported the enor- 
mous boulders of the Drift, and furrowed the surfaces of the 
rock-formations over whicli tliey were borne. 

302. T.'iking all these phenomena into account, it is quite clear 
that pleistoce]ie accumulations owe their origin to no ordinaiy 
Oj)era(ious of w.ater. AVe can conceive of no currciit sullicieutly 
powerful to transport boulder blocks of many tons in weight over 
lull and dale for hundnals of miles ; of no sedimentary condi- 
tions that would permit boulders and clays to be huddled up in 
the same indiscriminate mass ; while tlie smoothing and grooving 
of rock .surface.s point to long-continued action, and not to any 
violent cataclysm in nature, even could we conceive of one suf- 
ficiently powerful to trans})ort tlie blocks and boulders. There is 
only one set of physical conditions with which we are acquainted 
suflicient to .account for all the jihenomena ; namely, Arctic land.s 
with glaciei’S and avalancl)e.s to wear and waste, and Arctic se;is 
with icebergs and ice-Hoes to transport the eroded material ; and 
it is now to .such conditions that geologists turn for a solution of 
the boulder formation. After the deposition of the lower ter- 
tiaries, it woidd seem that the latitudes of Britain and the norih 
of Europe underwent a v.ast revolution as to climate, and th.at 
some new arrangement of sea and land took place at the same 
period. At all events, the large mammalia of the earlier tertiarics 
disappeared, and the land was submerged to the extent of several 
thousand feet, for wo now find water-worn boulders on the (ops 
of our highest hills, or, at all events, at an altitude of bSOO and 
2000 feet, A cold period ensued, and icebergs, laden with 
boulders .and gravel from other regions, pjissed over these lati- 
tudes, and drop])ed their boulders on our then submerged lands. 
How long this })roce.ss continued it is impossible to determine ; 
but by-aiid-by a gradual elevation of the submerged lauds took 
place ; our liill tops and ranges appeared as islands ; and our 
valleys as firths and straits. These islands were now covered 
periodically witli glaciers ; during a brief summer avalaTiohes 
descended, glaciers smoothed the hill-sides and left the debris as 
moraines of .sand and gravel ; while the icebergs aiid ice-fiocs 
ground their way through the firths, smoothing and grooving 
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the surfaces of opposing rocks, and dropping, as they melted 
away, their burdens of silt and boulders on the deeper sea-boltoni. 
As tho elevation continued, new surfaces were exposed, the 
western fronts of our hills were wasted by waves and swept bare 
by currents, and tho soft material of the sea-bottom, as it rose 
above the waters, was washed away ami carried to areas of sea- 
bottom not yet elevated above the waters. We say the western,” 
or rather “north-western,” front of our hills; for taking tho 
jilienomena of crag and tail into account, the direction of tlio 
gi’oovings on rock-surfaces, and other kindred ap})earaiiees, it is 
evident that in Britain the trans|x>riing currents passetl from 
north and west to south and east. It is thus that we find 
granitic and gneiss boulders from the Scottish lliglilauds now 
spread over the plains of Fife and Alid-Lothian, and blocks from 
the hills of Cumberland scattered ov(!r the moors of ^'orkshiri!. 
In the north of Europe the drift luis taken a more soutlierly 
course, and thus boulders from Ixipland and Finland ani spread 
over the plains of Kussia and Poland ; ami granites fi-oui Nor- 
way now rejmse on the flats of Denmark and Holstein. Oeea- 
sioiially, as in Switzerland, the drift appears to j'adiatc from a, 
centre ; and this wo can readily conceive, as the Alps rose isolated 
in a glacial sea, and annnally dispersctl their glaciers and icebergs 
in every direction. 

303. In process of time the land was elevated to its ])reseiit 
level, another distribution of sea and laud took ])laee, and tho 
glacial epoch passed away. A new Flora and Fauna suiliiblu to 
tliosc now conditions were then established in Furopt; ; ami these, 
with the cxc(!p«tion of a few that have since become extinct, are 
the species which now adorn our forests and ))eo]ile our liclds. 
Though we have occasionally u.sed, in the preceding paragraplis, 
the term “ period of extinctkni,” it must not he sni)i)Osed that 
^ the Pleistocene epoch Avas not characterised hy its own ])eculiar 
( Flora and Fauna. By “extinction” we merely assert tliat over 



I large areas of the northern hemisphere the exuberance ol inam- 
nialian life, so typical of miocene and pliocene eras, ceased to exist, 
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and that, for a long period, arctic and glacial conditions prevailed 
over these areas, and were consequently accompanied by a scanty 
and boreal fauna. We see in the arctic character of its marine 
shells evidence of an independent fauna ; and though its clays 
and gravels have hitherto yielded few remains, we are by no 
means warranted, from what we know of the arctic and antarctic 
.seas of the present day, to conclude that the boulder epoch, even 
over northern latitudes, was one of total vital vacuity. Again, 
we cannot presume that over tropical and sub-tropical latitudes, 
where the glacial intiuences did not prevail, there was not both 
an exuberant and varied ilora and tauua ; nor, I’rom what we 
know of existing nature, are we precluded from supposing that 
many tribes migrated ])ei‘iodiealIy from south to north, as tlu'y 
do now, and left their remains to be entombed in the drift ami 
deposit.s of the glacial .seas. Those and other analogous points 
.strongly press themselves u])on the attention of the philosophical 
iiKjuirer ; and not till glacial depo.sits have been more minutely 
examined in the wider oxj).an.ses of Northern Asia and America, 
will geology be in a position to otter any positive opinion on 
the biology of the period. 

304. hi itherto we have spoken only of the “ Drift ” as exhibited 
in Northern Europe ; but similar phenomena are manifested in 
Canada and the Northern States of America. Again, when wc 
turn to the Antarctic Ocean, analogous appearances present thcin- 
.selves in Terra del Euego and Patagonia ; thus showing that, as 
at tlie present day, icebergs and ice-lloe.s are yearly discharged 
from the Arctic and Antartie Scjis, ttoat towards warmer lali- 
tildes, and drop their burdens of sand, mud, and boulders on the 
sea-bot tom ; so during the pleistocene ejioch the same agencies 
were at work discharging the same functions, and producing 
analogous results. And liero we may be permitted to remark, 
that many of the ilitticuliies connected with the origin of the 
glacial drift have arisen from treating it as an anomalous and 
mysterious formation. Had geologisLs, instead of looking to 
abnormal currents and cataclysms, just treated the “ boulder 
clay ” as they did other formations— had they studied more the 
glacial phenomena of arctic .shores, straits, and seas, and drawn 
less on their own invention — had they looked to nature as acting 
through law, and never through capricious disorder— the dritt 
formation, with all its complicated phenomena, had long ere now 
been an “ established fact” of the science, instead of a medley ot 
jierverted observations, respecting which scarcely two geologists 
entertain the same opinion. 


NOTE, RECAPITULATORY AND EXPLANATORY. 

305. The Tertiary system, as described in the preceding chapter, 
embraces all the regular strata and sedimentary accumulations 
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which lie between the Chalk and the close of the Boulder or Drift 
Foi’ination. Its organic remains are all of recent or (jtiiuKoic 
tvpes, and it may be conveniently arranged into four groups, 
according to the numerical amount of existing species found im- 
bedded in its strata, thus — 

Pleistocene— romiiiiis, mostly of cxistin-j: sjiccies. 

Pliocene -remains, a majority of exisliiij^ si)et'ics. 

Miocene—remains, a minority of oxistini^" s|iecies. 

Eocene— remains, few, or tlie dawn, of existing species. 

In their mineral composition and succession these groiijw present 
great variety- consisting of clays, sands, iiia,rlH, calcareous grits, 
limestones, gypsum, and beds of lignite, with evidences ol Ire- 
queut alternations from marine to fresh-water conditions. Dn 
the whole, clays and limestones prevail, ami many ot the latter 
are of very peculiar character, as the fresli-watiu’ hurrslones ot 
Paris, the gy|)snm or sulj>hate-of-lime l>eds ot IVIontniartre, the 
infusorial tripoli of Bohemia and Virginia, the itidusial limestone 
of Auvergne, and the nummulitic limestone ot the Alps, BgVpt, 
and India. Separating the older or true tertiaries from the 
j)lelstoeene or boulder group, it may be said tliat the tormer are 
found, less or more, in almost every country, thoiigli olteii eou- 
tiueil to limited areas, as if originally deposited in inland seas 
or estuaries. These well-defined dejxjsits are usually termed 
‘‘basins benee the repeated allusions to the Jjoudoii and laris 
l)asins, in which there are repeated alternations ot marine and 
fresh-water beds, as if at certain stages IVesli-\yater inuiidations 
had ])revailed in the areas of deposit. The tertiaries of Pnghunl, 
ITance, Switzerland, and Italy, are those that have been inost 
fully investigated, and, though dilleririg in the composition and 
succession of their strata, are generally regarded as tindiug their 
equivalents in those of Britain, which may be brietly grouped as 
under ; — 

r Fossil iforous clays and sands of Clyde, Forth, IIol- 
„ di'rness, kc. 

ILEISTOCKNE. 'i or drift formation. 

Preglacial ossiferous gravels, cavcnis, &c. 

Pliocene. Mammal iforous, red, and corallino crag of Huflolk. 

Miocene. Leaf beds of Mull, Antrim lignite, &c. (?) 

f Fluvio-marine beds of Islo of Wight. 

I Pagshot sands. 

Eocene, -j London clay. 

liognor beds. 

[ Plastic clay. 

Or placing the British tertiaries in juxtaposition with them .sup- 
posed foreign equivalents, we have, according to Lyell, the follow- 
ing instructive tabulation : — 
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Pleistocene 

or 

Newer 

Pliocene. 


Older 

Pliocene. 


Miocene. 


Uri'ER 

Eocene 

(Lowa- 

Mioaniv, 


of mani/ 
.1 uthon:). 


Middle 

Eocene. 


Lower 

Eocene. 


' Glacial drift or boulder for- 
mation of Norfolk, of the 
Clyde, of North Wales. 
— Norwich Craf(.— Cave- ■ 
depo.sits ofKirkdalo,&c., 
with bones of extinct and 
living quadnipods. 

I Red Crag of Suflfidk, Coral- 
j line Crag of Suffolk. 


Marino strata of this ago 
! wanting in tho British 
i l.slos.-Leaf-bodofMull. 
Lignite of Antrim (?) 

I 


1 lenipstoad beds near Yar- 
mouth, isle of Wight. 


I 


1. Bombridgo or Binsted 
Beds, Isle of Wight. 

2. Osborne or St Helen’s 
.series. 

- 3. Headon Hill sands and 
Barton clay. 

4. Bagshot and Bracklo- 
.shiiin l>nd.s. 

G. Wanting (?) 


I I. London clay and Bognor 
bods. 

2. Plastic and mottled 
clays aiid sands ; Wool- 
wich beds. 

3. Thane t sands. 


Terrain quatemaire, diluvium. 
Terrain tortiare superienr. 
—Glacial drift of Nnithcrn 
Europe; of Northern United 
States ; aD<l Alpine erratics. 
— Limestone of UIrgeiiii; 
Austndian c.ave-breccias. 
'Sub-Aponnino .strata. -Hills (4' 
Romo, Monte Mmio, \e.— 
Antwerp and Noriiiaudy 
Crag. — Aralo-Caucasiiin de- 
po.sits, 

Ealurion supericur.— Faluna (4' 
Touraine. — Paid of Hoi’- 
deaux beds. — Boldcrberg 
.stnita in Belgium.— Part of 
Vienna B.'vsin, -'Part (4’ Mol- 
lasso in Switzorland.— Samis 
of James River and Rirli- 
niorid, Virginia, United 
States, 

Lower [>art of Terrain ter- 
tiiire moyon,— ( Vilcaii't' Lae- 
ustro .supericur, and gres do 
P’ontiinbleau.--Pai't of the 
Laeustrino strata of Au- 
vergne.— Limburg beds, 15el' 
gium.— (Ru|R)liaii and Ton- 
rian system of Dmuout). 
layence Basin. J’art (4' 
brown co.al of Germany. " 
Hormsdorf tile - clay near 
Berlin. 

1, Gypseous scries of Mont- 
martre, and Calcaire lactistre 
.superiour. 

2 and 3. Calcaire Siliceux. 

2 and 3. Gres do Beaueliaiii!', 
or .siibles moyens. — L;ieeken 
beds, Belgium. 

4 and 6. Upper and middle 
Caloairo grossicr. 

5. Bruxillieu or Brussclls beds 
of Dumont. 

5. Lower Calcaire grossicr, or 
glauconie grossifu c. 

5. Caiborne beds, Al.abama. 

5 and 6. Nummulitic forma- 
tion (tf Kurope, Asia, kc. 

G. Boisonnais sands, or Lits 
coqiiilliers. 

ri. Wanting in Paris Bmsin, 
occurs at Cassel in French 
I Flanders. 

I 2. Argile Plastique et Lignite. 
3, Lower Landenian of Bel- 
[ gium, in part. 
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30f). As already stated, the organic remains of Iho system belomr 
in greater part to existing genera, and thus among the pluni^ 
find tlie leaves, fruits, and seed-vessels of palms"eycads, pines, 
and, for the first time, of true exogenous timber-trees ’ nliile 
among the (iniimh wo discover genera of every existing order, 
with^tlie exception of man. The most cliaracteristie. feature of 
the Fauna is perhaps the abundance of gigantic quadrupeds — in 
European tertiarios, of elephants, mammoths, mastodons, deino 
thoriums, palfeothcriums, rhinoceroses, &c. ; in .South Aineriea, of 
megatheriums, megalonyxes, glyptodons, &c.; and in Australia, 
of animals allied to the marsupials of that continent, but of mon' 
gigantic proportions. I'hc names given to these animals liave 
reference, in general, to some striking ])ecnliarity uf structure, 
size, or appearance ; as mndodon, from the i)ap-like crowns of its 
molar teeth {rmutm, a nipple, and odma, a tooth) ; ii!p)>tnd<>n 
carved or sculptured), from tbe curious markings of its 
teeth; me(jal<mi}x {mxjpde, great, and oni/.r, a claw), iVom its 
large claws ; dnnothmmii {de.inos^ terrible), terrible wild-heast ; 
mp(tflimnni, huge wild-beast. In respect of its fossils the ter- 
tiary era presents a remarkable ditleronce C(un]»ared with thos(.‘ of 
the chalk, oolite, or coal. During these epoelis the ]»l;nits and 
animals in every region of the glolx; presentc'd a greater d(‘groeof 
sameness or identity ; whereas, during the bu-tiary epoeh, geogru- 
jdiical distinctions and separatioms (“ biologienl pnunnees”) like 
those now existing began to prevail ; lienee tbe difiermice b(‘tw(,'en 
the tertiary mammals of Europe and those of South America, 
which represent its jircsent sloths, .ant-eaters, and armadilloes. 

^ 307. Whatever the conditions of other regions during tlu' depo- 
sition of the tertiary strata, we have evidence from the jiulms, 
cyeadeai, huge pachyderms, and monkeys, that in tlu^ latitudes 
now occupied by England and France a warm or tro})ical eliiiiate 
prevailed ; and that at tlie close of the jilioceue sirata, th(!se con- 
ditions were followed by those of an arctic or boreal character, 
which gave rise to tlie boulder or drift formation. As a separate 
group, the middle pleistocene, in its unfossiliferous clays, its lingo 
water-worn boulders, its smoothed and scratclied ro<“k-surfaees, 
and otlier kindred plicnomcna, gives evidence of a long period 
when tlieso latitudes were subje(dcd to arctic conditions, wlien 
glaciers covered its hills and islands, and icebergs floated over its 
Waters^ or groimd'their way through its firths and straits, smooth- 
ing and grooving opposing rock-surfaccs, and dropping, as they 
melted away, tlieir burdens of clay, sand, and boulders on the 
deeper sea-bottom. 

308. As a system, the Teutiart still requires much elucidation ; 
nnd this the student will readily perceive when lie comes to inves- 
tigate the widespread and heterogeneous deposits attempted to bo 
cliussed under that category. In his researches he Avill derive 
a.ssistaTice from many publis]ie<l papers and monogra|)h.s, and in 
particular from the works of Sir C. Lyell {Elmenin and rrin- 
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ci]^.es\ who has devoted much attention to the subdivisions and 
co-ordinations of the strata ; the papers of Prestwich, Trimmer, 
Morris, E. Forbes, S. Wood, and others, on the English Tertiaries, 
in the Tramacl 'mns and Journal of the Geological Socidij ; the 
memoirs and papers on tlie French and Continental Tertiaries by 
d’Arcliiac, A. Brogniart, Prevost, Deshayes, &c., in tlie Bidkiin 
Boc. (kol. de France; and tlie papers and reports on the Aiiierje.au 
strata by 1). Owen, Hitchcock, Rogers, Locke, &c,, in the Trnm- 
actloiu of the Amcr. A.'t.wc. of Naturalids. More especially as 
regards the fossil remains of the epoch, the student can have 
ready access to such invaluable authorities as Cuvier’s Ommm 
Foi^sdcK, Agassiz’s Foisso7is Fossiles, the classic Iteiiguia hlturi- 
anai of Dr Buekland, the British Fossil Maiiimals of Professor 
Owen, Von Buell on the Brown Coal of Germany, A. Brogniart 
on Tertiarg LUgiiies^ in the iJictionnaire des Sciences Falun (Ic ; 
the Notes of Professor Braun on the Oeningen lignites, as (|imted 
by Dr Buekland in his Bridgewater 7'reatise; the MonograjdiH 
of Edwards, Wood, Ac., in the Memoirs of the rahvonlogru- 
phical Societg, and the more popular papers and independent 
works of the late .Dr Mantcll. Much valuable inform.alion 
relative to the “ drift ” and later deposits may be gleaned 
from such works as Phillips’ G colog g of Yorkshire, VI oeAwiml's, 
G colog g of Norfolk, liyell’s 7' ravels in North America, Agas- 
siz’s Ftudes sur les Glacio's, Professor J. Forbes’ Travels in 
the Alps, the variously published ]>apei*s of Mr Smith of dordnn- 
hill, the Memoirs <f the Geological Aarney, and the Beporls of the 
British ^issociatUm, Indeed, few subjects have afforded a more 
tempting theme for a certain class of supetfcial geologists than the 
‘‘ Northern Drift but of the much that has been written and 
the little that has been observed by these theorists, the student 
had better remain in ignorance. Such works as Daubeny’s Vol- 
canoes, Serojie’s Cemt rat France, ilibbert’s Volcanoes of the Uh ine, 
You Deekeu’s Biehengebirges, and Beaudant’s lJungarg, will 
afford the necessary information respecting the composition and 
character of the igneous rock.s of the period. 



XVIIL 

POST-TERTIARY OR RECENT SYSTEM, EMBRACING ALL SCPER- 

FTCIAL ACCUMULATIONS AND CHANGES TJfAT HAVE TAKILN 

PLACE SINCE THE CLOSE OF THE “ DRIFT,” OR DURING M’HAT 

IS USUALLY TERMED THE “ HUMAN EPOCH ” 

309. ITavino treated the Boiilder-drift as the latest iiieiiiher 
of ilio Tertiary system, wo now proceed to describe, luitler llie 
term all acciimiilatiojis and dc|)Osits formed simai 

tJie close of that period. However dillicidt it may be to aecoiint 
for the conditions that gave ri.se to the “ Didft,” there con b(‘ 
no donl)t regarding the agencies which have Ixicn at Avork evto’ 
since in .silting up lakes .and estuarie.s, forming ))e.at-m(isses and 
coral-reefs, .and haying down be.acluis of sand .and gr.avel, At 
tlie clo,se of the Pleistocene |)eriod, the ])resent distribution of 
sea and land seems to have been established ; the land ])resenting 
the same .surface-contigur.ation, .and the .sea I he sanui co.asldiiie, 
wit h the exception of such mo«lilications as h.ave sinc(! been pro- 
duced by the atmospheric, aqueous, .and other causes described in 
Chapter III. At the clo.se of that period the earth .also :ippe;irs 
to have been peopled by its present Flora and Fauna, with the 
exception of some local remov.als of certain aidmals, ami the 
gem^ral extinction of a few specie.s, whose remains .are found im- 
bedded in a partially petrified or .sa/A-fo.sw#/ state in post-terti.iry 
aecnmulatiou.s. We are thus introduced to the existing ord(‘r of 
tliiiig.s ; and though our observation.s m.ay extend ovei' .a pm ioil 
of many thousand years, yet every phenomenon is tn/sh and 
recent compared with those of the epochs .alnaily desm-ibed. 
With the exception of volcanic lavas, deposits fj'om calc.areous 
and siliceous spriug.s, some consolidated sands and old coral- 
reefs, we have now no .solid strata — the generality ot ])ost-terti;n‘y 
accumulations being clays, silts, sands, gravels, and peat-mosses. 
As they are scattered indiscriminately over the. suHa,ct‘, it is 
impossible to treat them in anytliiug like order of suj)erp<»sition ; 
hence the most intelligible mode of presenting them to the be- 
ginner, is to arrange them according to their composition, .and 
the causes obviously concerned in their production. Ado])ting 
tliis plan, the principal agencies and their results may bo classed 
as follows 
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Fluviatilk. 

Lacustrine. 

Marine. 

Chemical. 

Igneous. 

Ouoanic. 


'Accumulations of sand, gravel, and alluvial silt in river- 
valleys. 

- Terraces of gravel, &c. in valleys, marking former water- 
levels. 

,Dei»ositsof sand, silt, kc. in estuaries, forming “ Deltas." 

{ Lacustrine accumulations now in progres.s. 

Lacustrine or lako silt filling up ancient lakes. 

Shell and clay-marl formed in ancient lako-basins. 

{ Submarine deposits and accumulations. 

Marino silt, sand-drift, shingle beaches, &c. 
liaised or ancient beaches ; submarine foi'ests. 

( Calcareous deposits, as calc-tuff, travertine, &c. 
Siliceous dcj>o.sits, as siliceous sinter, &c. 

Saline ami sulpluirous deposits from liot springs, vol- 
canoes, kc. 

Bituminous exudations, as pitch-lakes and the like. 

{ FJev.'Uions and depressions caused by earthquakes. 
i>isplao(‘ments produced Iry volcanic eruptions. 
Discharges of lava, scorim, <lust, and other matters. 

{ Vogmtablo— peat- mosses, jungle grow'th, vegotablo-ih'ift. 
Animal— .shell -beds, coral-reefs, osseous breccia, kc. 
•Soils — admixtures of vegetable and animal matters. 


(Ir ntteinpting to .'iri'angc thorn chronologic.ally, .after rrolbssor 
I'liillijis, xvc have .sonudliirig like the annexed periods : — 


1. llisTORTCAj. Period. - - 
Coins, constructions of 
civilised man, with re- 
mains of domostic.atcd 
animals, and races ex- 
tinct in comparatively 
late periods. 

2. rKEHTSTORTCAL PE- 
RIOD. — Undo instru- 
ments, marks of uncivi- 

Becent or lised structures, oaiiiost 

Human Erucii. kinds of burials, romains 

of red-deer, long-fronted 
ox, common ox. 

3. Post-Clacial Period 
IN Part. — Red-doer, 
long-fronted ox, Irish 
elk. Urns prisena, ele- 
phant, kc . ; forests of 
modern trees. 


Fens, mai*shos, and river 
deposits, of (lambi'iihc- 
shiro, Linc(»]nsliire, 
Yorkshire, Lancashiiv,, 
and many parts of Bri- 
tain and Ireland. 

Broad gravel beds depo- 
sited in valleys by i'ri'sh 
water— .as in the iipjier 
Thames, Cliorwcll, ami 
- Clyde valleys ■ l.aeus- 
trine deposits, Ac.: the 
level of the land nearly 
^ as it is now. 

Sholl-mai-1 under peat, 
sulrniai'ino forests, raist'd 
beaehes, &c., with living 
species of .shells, inaui- 
moth, Ac. ; the level of 
the land variable, but for 
J a time higher than now. 


Carefully reviewing the above synopses, and bearing in miiul 
what warn stated in la.st Cliaptcr relative to the diftionlty of fixing 
the age of many .superficial deposits, and remembering also what 
was stated in Chapter III, respecting the causes now modifyiift? 
the crust of thp globe, the student need be presented with little 
more than a mere indication of these accumulations. From the 
silt laid down by the floods of yesterday, the soil resulting from 
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the (loa'iy of last summer’s liprV)a^ro, or the delu-is caused l»y the 
frosts of the ])rec<'diug winter, haekwards in time to tlie tirst- 
foniicd alluvium that succeeded tlie close of tlie pleistocene e] uadi, 
ihese Superficial Accviniulations are evtu-ywhere prt'sent, demaud- 
in(^ the attention of tlie i^^eoloi^dst, if not for tlieir anti(|uily, at 
least for tlieir complexity and universality. Knvi4o]iiiio'ainl 
inaskiu^j; the more ancient strata, they require a disliiiet and sepa- 
rate survey ; a, ml no geological mapjiing can he considered coin- 
plete that doi's not exhihit the extent and nature of these aecu- 
inulat ions on one sheet, and the boundaries of the stratified systems 
oil another. 


Fluviatilo Accumulations. 

lilt). Under this head are comprehended all nmumilatioiis 
and deposits resulting from the opi'rations of rivers. We have 
already seem (pars. 48— -53) how streams and rivers cut for 
iliemselves channels, glens, and valleys, and transport the eroded 
materials in the state of mud, saml, and grave! to some lower 
level. During inumlations and freshets, sonn^ of Ihis di^hris 
is sjiread over the river plains; in ordinary c.ase.s, some of it is 
dejKisited in lakes and marshes, should such lie in its course ; and 
in all cases a iiotahle ]iroportion is lodged in estuaries or earj'ied 
out into the ocean. The natural tendenev of rivers being thus 
to deepen their channels, and spread the eroded material over the. 
lower levels, all river-v, alleys will in course of ti)ne become dry 
jilains, even though originally consisting of marshes and chains of 
lakes. Such 0 ])erations have been going on sin<*e the land re- 
ceived its presmit contiguration ; and thus we have Iluviatile 
deposits of vast antiquity, as well as accumulations whose origin 



is but of yesterday. Such alluvial tracts as the “ carses/^ 
“straths,” and “haughs” of Scotland, the “dales,” “holmes,” 
Q 
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and ‘‘vales” of England, and, in fact, tlie flat meadowdands of 
most countries, have been formed to a great extent in tliis wav, 
and wlierc tlie rivers are liable to be flooded, are still in jjrnccss 
of augnientation. Siicli acciini illations are often of consideraLlo 
thickness, and consist for thti most part of alluvial silt, masst s of 
gravel and shingle, with occasional beds of line dark-blue nncl nous 
clay, aiid layei's of peat.-moss and clay-marl. In man} of tliosi; 
river-(lc|)osits (Yorkshire, Lancashire, Ireland, e^c.) have bevji 
found the bones of elephants, rhinoceroses, wild-boars, elks, liears, 
hyicuas, wolves, beavers, and other animals long since extinct in 
tlie British Islands; while accuniulatious of similar natiiiv in 
North America have yielded the mastodon, in Northern .Asia 
the mammoth and uru.s, in Australia extinct congemu-s of the 
kangaroo, and in New Zealand the boue.s of the gigantic dinornis 
and [lalapteryx. 

dll. In most of the iidand valleys of this and other coimti ics 
there appear, belting their slopes, long level terraces eoni})o.s(Ml of 
.sand, sliingle, and silt. 8ucb terraces give evidence of foinicr 
water-levels, and ))oint to a time when the valley was oeeu|iicil 
by a, lake at that height, or wlien the plain stood at that Ici cl, 
and before the river had worn its eliaiimd down to the present 
depth. Itivcr-iri'rnces must not be confounded with the misi il 
beaelies which fringe many parts of our coasts and estuari(‘S ; for, 
though lioth are in one sen.se ancient water-levels, the former may 
he local and partial, wliile the latter are general and imiforiii. 
Besides, the remains found in the one are of terrestrial or fjvsh- 
water origin ; in the other tluiy are strictly marim;. d’liese ti'r- 
raees have long attracted attention, and point to a time when 
many of our fertile valleys were ehaius of lakes and morasses, 
which liave been drained and eonvertiid into alluvial laud by tin; 
natural deepening of their river-channels, ‘iheir remains are 
generally identical with those of the river-silts iiftticed in 
preceding ]>aragraph — the sliells being such jus the laud lieliees, 
and the fresh-water genera, lyinmea, paludiua, &c. To the river- 
drifts juid .atmosplicric debris of this epoch belong also the 
jh'oiis sioids, <inive!s, (md c/uy.s of C.aliforuia, the Brazils, Aus- 
tralia, and the Onrals ; ihe dream-fintf of Cornwall; and other 
metalliferous aeeumuIaiiou.s. Many of tliese date back to a time 
(chronologically speaking) incidculably remote, and may bo in 
])art eoevid with the plei.stoeene gnivels and j)liocene crags of tlie 
'rertiary .system ; olliers, agiiin, are evidently the products of t‘X- 
isting streams, and may have been tninsported from their jiareiit 
bill-elifls even within the historic eni. The process, in flict, is 
still in oj)eration, and Avlierever metallic veins are exposed in elifls 
and hill-sides, and these elifls subjected to atmosplierie and acjue- 
ous wjiste, there, in the gullies and stream-coui'ses, will the me- 
tallic particles (the “ dust,” “ nuggets,” and “ jiepitas ”) lie de- 
positea along witli the sliingle, gravel, and miseellaneous debris. 

312. At the moutlis or in the estuaries of all existing rivers 
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there have hecn accimmlating, siuco sea and land rcceivc'.l their 
[iresent eonlij^niration, de])osits of innd, sand, gravel, and \eg(s 
table, dehi'is. In course of time these deposits eonsiitnte laigi' 
expanses of low alluvial laud, kiuAvn ;is “ Dell.-is,” tlie 111^^1 
notable instances of which are those of tin; l{hin(‘ and Do in 
Etiroix', of the Nile and Niger in Africa, of tho (lanixes and 
t.'liinese rivers in Asia, a,ud of the Mississippi and Amazon in 
America. Alany of these deposits are of vast extent, and, u itli 
the ext'eption of what is taking place at tlie hottoni of the ocean 
(it which we know alnntst nothing), they are of all modern tm-iiia- 
tioiis the most im])orlaut in modifying the ernst of the gluhc. 
Where a river discharges itself into a noii-tidal sea, like I he To 
into the (lulf of VAniice, the delta will he mainly of Ihiviatlle 
origin ; but where the dischargti is into a tidal sea, like the 
(kinges into the Day of Ileng.al, the deposit will he jiartly iliivia- 
tile and jiartly marine. Furtlier, the deltas of tropical i-ivcrs 
subject to periodic'al inundations are, during the dry season, low 
llat tr.a.ets full of swanip.s, creeks, ami mnd-isla,nds (c. tlie Niger), 
which iioni’ish the rankest jungle-growth, herds of gigantic 
amphibia, shell-beds, .and shoals of lishes. On the return ol’ the 
wet season, many of these jilants a.nd animals are buried where 
they grow, or are swept forward into the ocean. \V''e h;i\e thus 
a coiujdex .set of agents — rivens, tides, w.aves- the drift, from 
inland, the drift from the sc-.a, and the growth of plants and 
animals in situ. All these conjoined render estna,i'y deposits 
extremely ])erplexing and irregular in their comjiosition ; and 
though in general terms they may be s;iid to consist of mud, clay, 
sand, gr.avel, and vegetable debris, inUmnungled with organisms 
"f teiTestrial, fi’esh-water, and marine origin, yet scanady two of 
tliL'iii present mie feature in common. To this class of deposits 
belong the “/om” or “ ” of the Ilhine a pnlvcridejit ycl- 
lowisli sandy loam, mixed wdth a little eahairemis iii.atter ;iiid n;- 
plcte with land and fresh-water shells ; the /v>c/'-,sv/m/.s” of the 
Klione, whi(di arc cemented lyy calcaimons inlilt rations, ami so hard 
as to furnish an iudilfereui biiilding-stoin! ; the “roc/-/// or/” ol the 
Adriatic deltas; and the .sYo/n-g/vf/'c/.s- ” or recent conglomerates 
tliat hlock up the beds of so many of the rivers of Asia Minor, 
hi their fossil contents they must vary also, ;icc()rding tu tlie 
countries in which they are situated ; the Uaiiges, tor example, 
entombing in its didta the palms, tree-ferns, gavials, elephants, 
tigers, ami lions of India; tin* Nigi'r, the palms, the (dcpliant, 
hippopotamus, rhiimceros, giralfo, camel, and ostrich of Atriea; 
the Amazon, the pialms, alligalors, llamas, sloths, lemurs, ;iml 
monkeys peculiar to South America ; while the Alississipjd llnats 
down the jiiues, Imthiloes, elk, deer, and beavers of the Northi rn 
Conti iieiit. 

illd. As tliesc estuary deposits now vary in their suh-fossil 
contents, so they must liave varied since their commencement., or 
the time when existing race.s were restricted to their present 
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biologionl provinces; and thus, were they well ex|ilnreil. tliev 
would atford uncrriu" criteria of any specific cli.aiiges Hint rn.iv 
Iiuve taken place in the fauna of the current epoch. In n ^idiis 
where there has been little displaceincnt of level, or disturlKiin'i; 
of the present distribution of sea and land, these estuary depusiis 
|}resent an unbroken suite from the silts of last tide down Id tln' 
lowest eocene terti.aries. In all latitudes, however, sulijeelt'il tn 
I he glaei.al drift, the line of demarcation is lyy no meaiis obsciii'u ; 
and hence we can judge of any local removals or general exliin'- 
tions of si)ecies that may have taken place since t he close of tlii' 
pleistocene period. In the t^lyde, Forth, l[niid)er, 'rhanies. and 
other Ihitish estn.aries, wc' tiiid marine shells of species ikov miv 
or extinct in these seas ; bones of cetacea seldom or nevo'r seeii in 
th(' same latitudes; tnsks, grinders, ami bones of ele])hanls. 
hipj)oi)otaini, elks, urns, bos longifrons, eqniis fossilis, hyaii.-i. 
&c., Jong sinc(‘ extinct in KurojK! ; a,jid in tlie nion* snpei'fiel;il 
beds (at a depth oi' fmm 10 to 20 feet.) havi! been diseoveivil 
canoes, ston«-hatchets, a,nd other monuments of the ])r('hisloi'ie 
human eiioch. In other countries the organic remains of tlie.si‘ 
esluaiT dej)osits present a somewhat similar gi-adat ion, from tlu.' 
prehistoric period of maubjickwardsto the times of tin; mylodoii, 
mammoth, m.'istodoii, .and other (pi.'idrupeds that li veil from the 
Tertiary into the t’urrent epoch. And liere it may be observtd 
that in tro})ical .aaid sid»-troj)ical Latitudes, where the gla(;ial drill 
does not ocaair, the geologist may yet find it impossible to draw 
any sha]']t line between the cailiest of these e.stnary (le]tosits and 
the so-called tertiaries ; but be com|)clIed to rank, for exaiipde, 
the dliiorniit muds of New Zeal.and, the kdiif/amo breccias of 
Australia., .and the luiyd/lterinni silts of South America, along 
\vith tlie older tcrtiaiaes, into one unbroken though impercep- 
ti))ly-varying Oainozoic cyclk. 

314. Ivespi'Cting tin; gcogr,aphic.al extent of river ami estuary 
deposits, our limits im-elmle any notice of those cniious measure- 
ments and det.ails, wliich are given in Li/dl's ^^owrr- 

Ph/f/dcdl (it’ot/nip/n/^ .and other similar works. 4Ve can only 
extract , as illusti-ative of their m.agnitude, the following relative to 
the delta or alluvial j)lain of theJMississippi : — “The alluvia I plain 
of the j\Ii.ssissi])pi begin, s to ho of greatwidth below Cape Girai’deau, 
r)0 miles .above the junction of the Ohio. At this jmict ion it 
is about 50 miles bro.ad, .south of which it contr;i.cts to about 
30 miles at Altmiphis, expands ag'aiii to SO miles at tlu; 
mouth of the AVhite llivor, and then, after various contr.actioiis 
ami exjianslons, protrudes l)eyond the. general coast-lino in a 
large ddfn about i)0 miles in width fi'om north- e.a.st to south- 
west, iMr Foi>ih,ay estimates the area of the gi’eat plain, as above 
defined, .at 31,200 squ.are miles, Avith a eircnmferenco of al)oiit 
3000 miles, exceeding the area of Ireland. If tliat p.art of the 
plain which lie.s below, or to the south of the branching otf of the 
liighe.st arm, called the Atchafalaya, be termed the delta, it con- 
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.clitutes less than half of the whole, being 1 1,000 square inilos in 
area. The delta may he said to he hounded on the east, west, 
and south hy the sea ; on the north chiefly by the broad vnlley- 
Tilain, which entirely resembles it in character as in origin. Tlie 
eav;t and west boumlaries of the alluvial region, above (lie head 
of (lie delta, consist of clay cliffs or ‘ hlnfls,’ from 5o to 2.50 li'ct 
ill height, and which, on the ea>!t side of the hlississijqii, are 
verv abrupt, and arc undermined by the river at many points. 
They consist, from Baton ilouge in Louisiana, wliere tht'V com- 
iiieiico as far north a,s the borders of Kentuehy, of geological for- 
mations of very modern date, the lowest heiug Eocene, aiid (lie 
ii])perm()st consisting of loam, with fi-esli-wa.ler and land shells, 
almost all of existing species. These recent shells are associated 
with the lioncsofthe mastodon, elephant, mvlodon, and oilier i‘x- 
tiiiet (|uadrupcds. . . . The deposits ol (he alluvial plain, 

ami delta jirojier, consist partly of saanl originally formed upon 
or iieai' the banks of the river and its trilmtaries ; partly nl 
gravel, swept down the main cliannel, of wliich the position has 
colli imially shifted ; and parlly of tine mud slowly aeeunuilatrd 
in the swamps. The farther we descend the ri\’cr towards 
its niouth, the liner becomes tlie texture of th<‘ sediment. Tlie 
whole alluvial formation, from the b.ase of the delta njiwards, 
slo[ies with a, very gentle inclination, rising ahout 5 inelies in a 
mih^ trom the level of the se;i at Bali/.e, to the height of abmit 
200 fi'ct ill a distaiiee of 800 miles. That a large |iortion oi this 
tliiviatile dejiosit, togetiier with the fliivio-iiiai’ine s(ra,ta. now in 
progress lu'ar the Bali/e, consists ot nmd and sand, with mneli 
Vegeta, l)le matter intermixed, may he intern'd Irom the abund- 
fiiiee ofdrift trees floated down every summer, and wbieli fnrm 
tangled miseellaiieous ‘rafts,’ sometimes, like that ot ]8l(i. mi 
less tli.'Ui 10 miles in length, 220 yards wide, ami 8 ieet (lee]i. 

. . . Assuming the dejitli of the delta, deposit to he .;2-"> 

feet (and borings have heen made in it to the depth ot (>00 Im t ,, 
its area Ifl,fl00 sipiare miles, ami the solid matter bi rough t duwn 
hy the river (as calcul.ated hy Carpenter and Korshay • to be an- 
luially :f,702,7o8,()00 euhic feet, it numt liave l.akeii (i7.noo ye;irs 
tor the foi'iiiation of tlie whole ; and it the alluvial matter of the 
Jilaiii above be 201 feet deep, or half that of the, delta jiniper, 0. 
iimst have required 33,500 more yeai-s for its aceiimulat urn, even 
if its area be estim.ated as onlv e<iMa.l to that of the delta, whereas 
it is in fact larger. Vet the whole ])erlod during whieli the Mis- 
sissippi has been trausiiortiug its earthy harden to the oeean, 
though perhaps far exceeding 100.000 years, must he insignifieanl 
iu a "O'ological [loint of view', since the hlnfl.s or dills bdumiing 
the great valley, and therelbre older in dale, and which are Ironi 
50 to 250 feet 'in ])erpeiidicnlar height, consist in great p-'o t yd 
loam, containing terrestrial tlnviatilcand lacustrine shells dill m- 
hahitiiig the same country. These fossil sliells, occurring 
posit resembling the loess of the Bhiuc, are associated witli tlie 
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hones of tlie mastodon, elephant, tapir, niylodon, and other me 
;fatlu!rnid animals, also a species of liorse, ox, and otlier iiianimals. 
most of tliem of extinct species. 1’he loam rests at Yielvshuiv 
and oilier places on Eocene or lower tertiary .strata, which, in tlic 
town, re|)ose on cretaceous i-ocks.” 

IM.'i. Here, then, in the region of the Mississippi, we have mu; 
of those great and gradually-varying successions, wliich unite tlie 
eocene strata with the pleistocene Blulls, and those again with tlie 
ancient alluvium of the I’lain, up to the last-foTmed silts of the 
Delta.. By insensible degrees we descend the stream of tirin' from 
the eocene jraheotherium to the pleistocene mastodon, and from 
the mastodon to the present day, when tlie silts entomb the re- 
mains of buffaloes, beai's, w<»lves, racoons, opossums, otters, 
minks, beavers, and other creatures now peo|)ling the American 
continent. As with the delta of (he Mississippi, so with all 
others— making allowance for the region, climate, and biological 
provinces with which iliey are eomiected. 


Lacustrine or Lake Deposits. 

Ilin, Tvaoustri no dejrosits (Arc? w, a lake) are those found either 
ill existing lakes, or oceiipying the sites of lakes now tilled up. 
Lakes are found in every region of tlie world, and act as settliiig- 
[lools or filters for the i-ivers that flow tlirongh them. Arivi i' 
on entering a lake may be turbid and muddy, while the water that 
flows from it is limpiid ami clear as crystal. The mud or sand 
settles down as silt, and sueeessive depiosifioiis of silt, with inter- 
mixtures of vegetable drift and peat-moss and marl, constitute 
the ordinary eompositiou of lacustrine aceumiilatioiis. Situated 
in plains or valleys, a lake serves in general as a basin of reee])tioii 
to several streams and rivei's. I'he miul borne down hy these 
streams settles at their months, and forms small deltas, which in 
]»rocess of time are covered with ru.shcs, reeds, sedges, and otlier 
marsh plants ; nexv aceuinnlatious of .sediment push their way 
into the centre of the lake, and new growths of marsh plants 
arise. The aiinnal growth and decay of these plants form beds of 
])oat ; while fresh-water shells, infusorial animalcules, and cal- 
careous sjiriiigs, combine to elaboi-ate layers of marl. These 
agencies, acting incessantly, are gradually shoaling and silting u]' 
all lakes ; lessening the areas of some, converting othei-s into 
marshes, and these again into dry alluvial land. 

317. Ancient lake-silts or laeustriue deposits are rife in every 
country ; a gz’cat proportion of our alluvial valleys are but the 
sites of marshes and lakes filled h[) by the processes above de- 
scrilxid ; and though all superficial evidences of the lake bo obli- 
terated, the regular manner in which the materials are arranged 
serves readily to distinguislz lacvMnne from fluviatHe silt. Ite- 
specling the area occupied by lake-deposits, it is impossible to 
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form an accurate eHtiinato, tliou<fli it ia evident tln^ soil of most 
mlaiid valleys, both in tliia and in other countries, is in a threat 
nieasure composed of it. The prairies and savannahs of North 
America, the |)am]m and llanos of South America, and tin' 
steppes of Europe and Asia, are rcitarded l)v many as jiartlv 
owiiijr to a general elevation of the land, and as partly the sites (A 
lakes now draim'd and silted up ; and, considering their relation 
to (‘xistiug rivers and valleys of drainage, there is a.m])le fonnda- 
tion tor this ojiiiiion. Considerable tracts of alluvial land are 
still in progress of formation along the borders of existing lakes, 
whose sites, under the double process of silting up ami drainagt‘, 
ai'e evidently <lestined to become flat viu'dant plains, like those to 
which we have alluded. By (//vn/oo/e is meant that tendency 
which rivei's, issuing from lakes, have to deepen their channels, 
and ihei'(‘by not only lower the h^vel of the ))areut waters, but 
also to render them, from iJieir shallow'iie.ss, liable to ])e (hiokeil 
ip) by axiuatie :vnd marsh vegetation. 

.418. (.)f the heterogeneous substances— sand, gravel, clay, lo.ani, 
j)cat-(‘a.rth, and marl -composing lacustrine deposits, mad is the 
oidy one whose formation deserves |)articidar notice. It occiu's 
in many of our British lakes in various states of purity, from a. 
marly clay, which will scarc(‘ly etl'erxajsce with acids, to ;i shell- 
niarl containing from 80 tu !)() ])cr cent of lime. Mad-chiii^ f )r 
instance, occurs as a whitish frialdc clay with an admi.xture of 
lime, .and sometimes also of magnesian e.arth ; the term rlaj/-mn)i 
is .applied when the calcareous matter |»revails over the cl.ay ; 
didl-viarl is almost wholly composed of lime and fresh-water 
shells, with a tr;ico ol cl.ay or other earthy imiller; and, whei't! 
suliditierl by tlie snbse(|uent percolation of c;dcareous waters, it 
is known as rock-TiKirL With respi^ct to tlie origin of these 
marls there are warions opinion.s, though it is gcrn'mlly ad- 
mitted that they are derived ])artly from cah'areous .springs 
whicli enter the lakes, and partly from the shells and secre- 
tions of the fresh-w.ater molhises, (he miiiuto ernstaceans (cv)iri- 
des), .and the infusorial animalcules, xvhich inhabit them. What 
tends to confirm this opinion is the fact, th.at m.arl-clay and 
chiy-marl are found chiefly among the (hposits of aneieiit or 
modern lakes sitn.ated in limestone <listricls where e,al(^ar(! 0 ns 
springs abound ; and th.at sliell-m.arl is often almost Avliolly 
composed of the exuviai of molluscs and infusoria-, many g(m(:‘ra 
of which are still inhabiting the same lakes and marslies in whiidi 
the de])osit is found, Al.'irl occurs irregularly interstratilied witli 
clay-silt, peat-moss, or gr.avel, and is dug for .agricultural ]mr- 
poses ill ni.any of the ancient lake-sites and alluvial valleys of 
Great Britain and Ireland. 

319. The organic remains found in lacustrine deposits will 
vary, of course, with the region in which they occur, their altitude 
above the sea even in the same country, the nature of the rocks 
over which the drainage-waters flow, and other conditions of cli- 
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mfite and geo<]frapliy wliicli influence the flora and fauna of a dis- 
trict. In our own country the renialiia are strictly frc.sh-\vator 
and terrestrial- fre.sh- water shells, as the limniea, paliidiua. 
plauorbis, cyclas, inya, &c. ; land-shells, as the lielix ; minute 
crustaceans, as cypris, &c. ; diatoms and infusorue ; inarsh-plaiits, 
a.s the reed, hulrush, equisetum, &c. ; drift or terrestrial plants, 
as the willow, alder, hirch, hazel, oak, pine, &e. ; with bones, hcu'iis, 
and sometimes complete skeletons, of the elk, deer, ox, horse, liear, 



beaver, otter, and other mammalia, some of them long since ex- 
tinct in the localities where their exuviie are now found, in 
many of the lake-deposits of Britain, Ireland, France, and Belgium, 
canoes, stone battle-axes, bone weapons, and othei-* objects ctf 
human art have been di.scovcred, .all pointing to tlie recent period 
of geology, though historically of vast antiquity, or even far be- 
yoiul the written rccord.s of our race. 


Marino Deposits. 

320. The marine deposits of the modern epoch naturally divide 
them.selves iuto three gre.at classes, — tho.se taking i)lace under tlie 
waters of the ocean, as .sandbanks and shoals ; tho.se collecting 
along the sea margin, as mnd-silt, .sand-drift, aiid shinglc-beaclies ; 
and those, like ancient beaches, now elevated above the level ot 
the present seas. Kcspectiug the first cla.ss of deposits we know 
very little indeed, few parts of the ocean having been sounded for 
geologicfd purposes ; and even where .sounded, the indications arc 
too obscure to warrant any definite conclusion. So far as dredg- 
ings and soundings enable us to decide what is going on under 
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the waters, submarine deposits appear to be extremely varieil— 
here soft slimy mud, there light-coloured clay, with shells ; liere 
shelly saud, replete with minute foraminifera and broken corals ; 
there soft chalky mud, arising from the decomposition of citrals 
ami accumulations of infusoria ; here black fetid masses of decay- 
ing sea- weed ; there sandy shoals and gravel-banks ; and over the 
wliole, elevations and depressions as irregular and varied as tlioso 
of the dry land. Such irregularities of sea-bottoin, conjoined wit li 
the configimition of sea and land, give rise to nuineroiis currents, 
ami these currents not only distribute the submarine debris, but 
transjiort the products of one region to another. 'I’lie princi{)al 
ocean-currents arc the tides, witli all their varied ram itieat ions, 
the (lulf-Stream, and the currents which set in from either pole 
towards the equator. The tidal currents are i)er[)etually shittinj^ 
and re-distributing the deposits along the sca-bottom ; the (lull- 
Stream is as regularly iransj)orting tro))ical})roducts to temperate 
regions ; nnel the polar currents carry with tliem icebergs and 
ice-floes laden with rocks and gravel, which are dropped on the 
sea.bottom as the ice melts away in warmer latitude.s. All these 
agents are incessantly at work ; and thus deposits are now accu- 
mulating along the bottom of the ocean, which, if raised into dry 
land, would erpial in extent any of the ohhn' formations, 

321. 'I'lie bottom of the Mecliterram^aii, for exam])le, Iris been 
proved by soundings to consist, in the western portion, of sand and 
shells ; in the eastern of impalpable mud and comminuted shells ; 
and in tin; Adriatic (4ulf, partly of mud and ])artly of caleai'eous 
rock enclosing shells, wliieli are sometimes grouped in families. 
The German OceaJi, according to iMr Stevenson [I'lihnhimih 
Pli.ilosi>phic<tl Joumal for 1620), is deei)est on the Norwegian 
side, where the soundings oive 190 fathoms ; but tlu! mean depth 
of the whole basin may be stated at no more than 31 fathoms. 
The bed of this sea is traversed by several enormous l.)anks, one 
of which, occupying a central position, trends from the firth ol 
Forth in a north-easterly direction to a distance of llonules: 
others run from Denmark and Jutland upwarls of loO miles to 
the north-west ; while the greate.st of all the Dogger L.ank ex- 
tends for upwards of 3o4 niile.s from north to south. The super- 
licies of these enormous shoals is equal to one-filth of the whole 
area of the German Ocean, or about one-third of the exteiA 
of England and Scotland. The average height of the banks 
measures about 78 feet, the upper portion of them consisting o 
fine and coarse siliceous sand, mixed with comminuted conus and 
shells. As in the Mediterranean and German seas, so in all ot lier 
parts of the ocean, agents are at work depositing, Imwever slowly, 
materials which are destined to form part ot the stratified Im-ma- 
tions of future continents and islands. wi ri 

322. :Marine silt, sand-drift, shingle-beaches, and the like, are 
tlie terms usually applied to accumulations which have taken 
place, or are still in progress, along the present shores ot the ocean. 
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Waves arid tidal trans])orts are the agents to wliicli these owe tlu ii- 
origin ; they oeeur in bays and sheltered recesses, and, as strict Iv 
imirlne formations, are not to he confounded with tlio silt of 
estuaricis and river embouchnres. Around tlic shores of oin-own 
island, and, in fact, along the shores of every other contdry, tlie 
tides and waves are wasting away the land in some localities, mul 
transjxirtiug the debris to sheltered bays and creeks, tliere to he 
laid down as mud-silt, sand, or gi-avcl. This process must lo'nc 
been going forward since sea and laud ac<|nired their prestait dis- 
tribution, and thus many of these accumulations arc both of vast 
extent and gi-eat anti<(uity -dating back to the epocli of (he 
mainmotli a?id mastodon, Avhose tusks and grinders are of fre- 
quent occurrenc(! among them. As examples of 7iiariiif-i<llf, \V(' 
may point to the “warp” of the Humber, winch occupies ai) 
art'a of more than dOO square miles ; to the fens of Lincolnsliiiv, 
Cambridge, and Jfuntingdon, which extend to nearly iOOO s(|u:nv 
miles ; to the extensive sands and marshes near Vhvrnionth ; ami 
to the flal-s of Somerset and (llouceater on the estuary of tlu; 
Severn. The low plains of Holland and Denmark (more than 
half tlie ai*ea of Britain) are the direct formation of the Germau 
Ocea.n ; in tlie Levant, Tyre and Sidon, seaports mentioned in 
Scripture, are now severa.i miles iidand ; Tehama country on (lie 
lied sea has increased from d to 0 miles .seaward since^ the ( hris- 
tian era ; and the Isthmus of Sue/, which is now about 28 miles 
broad, is said to have doubled its widtli since Ihe time of I lero- 
dotns (loot) yea,rs ago). The organic remains in iliese silts are 
eliielly marine, and vary, of course, according to the locality nml 
latitude in whicli tliey occur, Li those of Britain we have shells, 
now I'athcr scarce; or altogether rernov'ed from these seas, the jaw- 
bones, ribs, and vertebric of wliah's, and not iiufreqnentl}^ Uio 
tusks, grlnder.s, and bones of the mastodon, mammoth, ihinoeeros, 
and other (vxtinet paehydei-ms ; but whether some of these do 
actually belong to the period of the sill., or have l)een derived from 
tlie waste of f)Ieistocene eliifs and re-deposited in the marine mud, 
is a subject fairly open to (piestion. 

d2d. Of mid-drift, Mdiich is first accumulated by tlie tides 
and waves, and siibseipiently blown inland into irregular heights 
and hollows by the winds (see par. 43), we have many ex- 
amples in the “links” of Scotland and the “sand-downs” or 
“ dunes” of Kngland, The superficial or blown portion is eliielly 
composed of fine sand and comminuted shells, with occasioind 
bands of decomposed vegetation or soil ; but as we descend (and 
wells have been sunk to !)U and 120 feet in them) wo find sti-ati- 
forni layers of shells, gravel, shingle, and otlier littoral aeciinuila- 
tions. Of those rectmtly formed sand-drifts, thousands of acres 
lie waste and worthless (Moray.shire, between the Tay and Eden 
ill Fife, between Donegal and Sligo bay in Ireland, in the Bay of 
Biscay near the Garonne, and along the coasts of Jutland) ; but of 
the older and more inland portions, large tracts have been ro- 
chiimed, and their distinctive features obliterated by the plough. 
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Many of these sandy tracts are no doiiht the result of ordinary 
silting operations, though some would seem to indicate a gradual 
uprise of the land from the waters of the ocean. 'I'he organie 
remains in the suptmticial or drift portion . -ire ])artly terrestrial 
and partly marine (the shells of the lielix occurring with those of 
the cockhi, mussel, and mactra, the bones of marine, liirds and 
tishes witli tliose of land animals, and sea-weeds along with 
terrestrial plants) ; but in the deeper strata the remains are 
cliietly marine, and, from the incohering nature of the deposits, by 
no nu'ans well preserved. 

Closely conneetod with sand-drifts, and in fact only differ- 
ing from them in being the products of more expose<l aiul I'ocky 
coasts, are sA<y? 7 /c-Mc/o's--tln>se accumulations of rounded and 
water-worn stones, which are ])iled u)) on (*(‘rtain paits ol the coast 
liy the conjoint action of the waves and tides. They occur only 
along exposed districts, from which tin*, sand and liner (hTris is 
swept onwards to tbe more shelU'red recesses. The battei'ing I'oi’ce 
of the waves during high stoi-ms is so powerful, that masses of 
shingle are often found from (! to 20 feet above ordinary tide- 
mark- 'leaving appearances vei')' perph'xing to the geologist who 
is nnacfpminted with the force of waves, the weight whicli stones 
lose wlum immersed in Avater, and the eui‘i(tns wedge-like ai‘rang('- 
ment which takes jdacc among the individual ])ebbles. In addi- 
tion to the forward motion impaited to the.se beaches bv the 
waves, they are also subjetd.eil to tlu^ lalend current of the tide.s ; 
and thus some of them move onward along the coast with so per- 
ceptible a motion, that they have been (U'signated 
beaches, like the famous (hesil Ikink on the isle ol Portland. 
Partly OAving to the operations of ice, and partly to the ]ieculiar 
currelits of the Arctic Oce:iii, the shoia^s arc tluux; composed for 
liundreds of miles of gravel, shingle, and boulders, Avhicli. it consoli- 
dated and cemented', Avould rival the thieke.st conglomerates ol 
the old red sandstone epoch ; and though on our oavii slion'S siicli 
])ebble-beaches are necessarily limited, no one Avho has Avitne.ssed 
the pebble, or rather boulder riilgc of Northam (l)evonshiie), 
can doubt the power of existing forces to produce the most gigantic 


littoral conglomerates. ,, i 

325 A 11 alontf the shores of the British Tsl.ands, ,'is well as .along 
the shores of every other sea, there exists a level margin, nimn or 
less covered with sand and gravel. This constPutes the exist in-g 
hmcli, or sea-margin ; but above it, at various heights, .iie oum , 
folloAving the Itays and recesses of the land, seycu’al .similar niai- 
gins or terraces known as “ancient or raised heaches. J hese 
give evidence of either elevation of the land or depression ol tin* 
ocean, ,and point to times when sea and land stood at thes(! suc- 
ce.ssive levels. Several of these beaches are compara lyely recent 
-as the Chili upheave of 6 feet in 1822, and the C ah Bund at 
the mouth of the Indus in 1819-and are obviously the results of 
local earthquakes and volcanic eruptions. Others are ot more 
ancient date, though still coming within the hi.storic period ; 



252 


POST-TEETIARY SYSTEM. 


while most of the higher terraces evidently belong to the 
of the present goologic.al era. We have .several notable ex.amjile.s 
along our own coa-sts at heights about 10, 20, 40, ami (i(» feet 
above the present sea-level ; and indications of shells even at 
greater heights, though some of these m.ay beof pleistocone epocli. 
Similar bcache.s are also found along the co,a.st of Norway even to 
the height of 200 feet, on the shores of the Baltic from 20 to luu 
feet, in the Bay of Biscay, along thecojusts of Spain and Portugal, 
and conspicuously in many parts of the Mediterranean. In smne 
districts these terraces are covered with sand, shells, and shingle ; 
in other localities a mere shelf or line along a hill-side (like the 
“ parallel roads ” of Glen Hoy) is all that bears evidence of the 
former exiisteiice of the tides and waves. Tlie remains found iu 
the gravel and sand of these beaches are chiefly shells belonging 
to speci(^s now inb.abitiug the occjiii (limi)et, periwinkle, coekle, 
buccinum, kc., in Britain), though a careful examination detects 
variety apparently extinct. The more elevated terraces, like 
those of Scotland .and Scandinavia, arc evidently of giaiat aiiti- 
(piity, and where they occupy wide expanses in ancient firths and 
bays, are apt to bo mistaken ])y the superlieial observer fur true 
diluvial or oven tertiary gr.avels, 

326. Witli regard to “ snitmarine forests,” wbicli received con- 
siderable attention from coi-tain observers, we need only reinajk, 
that as raised beaches seem to point to successive elevations of tlic 
laud, so do tlie.se so-called /b/’csAs give evidence of local dejires- 
sious. We s!iy loc((l depressions, for as yet these so-called fon'sts 
have been found only in limiteil areas, as in tlie Firths of hortli 
and T;iy, ne;ir the mouth of the llumhor, in the embouchiiri! of 
the Mersey, and at Bournemouth in Jfampshire. In general, 
tliey cousi.st of fl;it tracts of peat-moss or dark-coloured ehay, with 
numerous stumps and trunks of trees, a few feet under the ordi- 
nary .se.'i-Ievel, and only exposed at low tides, or when w.ashcd 
bare after a storm. The very slight ditfereuco existing bciwca ii 
the level of tlusse forests .and that of ordinary tides has suggc.stcd 
the idea that tliey give no evidence of submergence, but merely 
point to low wooily tracts .at one time sheltered from tlie inroads 
of the sea by sand-hills and he.adlaiids, but laid prostrate and 
covered by the waves .as these sand-hills and barriei's were over- 
thrown, In wliieliever way the pheuomena may be accouiiled 
for, the student Juts only to remember that local suhimirgeuocs 
by earth(piakes .aud otherwise are (piite as possible as local ele- 
vations ; and that the half-fossilised oaks, pines, alders, willows, 
and liazels of these submarine forests are identical with those 
now tlourishing iu the same localities. 

Chemical Deposits. 

327. Under this heail we have classed all deposits arising from 
calcareous and siliceous springs, all saline incrustations and preci- 
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pitates, and all bitiiminona or asphaltic exudations. The most 
frequent deposits ofa calcareous nature are calo-tuirand calc-sinter, 
stalagmites and stalactites, and travertine. Cn/c-tuf, as the name 
implies, is an open, porous, and somewhat earthy dc]>nsition of 
carbonate of lime from calcareous springs, and is found in con- 
sideiable masses or incrustations enclosing fragments of ])lants, 
bones, shells, and other organisms. C(ilr-sljiti t\ from the (ler- 
man word sintern, to drop, is of similar origin, but mon' conqiact 
and crystalline, and has a concretionary structure, owing to the 
successive films which are drop by drop added to the mass. Sin- 
and stalartiten (already noticed in par. .0*)), are often of 
considerable magnitude in limestone caverns, .and .are liere noticed 
as frecpiently enclosing the bones and skeletons of .animals found 
in tliese caverns. Tirivertine (a corruption of the word Tiburtl- 
mis) is another calcareous incrustation, deposited by w:itcr hold- 
ing carboriato of lime in solution. It is abundantly formed ])y 
the river Anio at Tibur, ne.ar Rome ; .at S.an Vignone in Tnsennv, 
.and in other parts of Italy. It collects with great rapidity, and 
becomes sutheiently bard in course of .a few years to form a light 
durable building-stone. A liard stratum,” says Lyell, ‘‘about a 
foot in tbiekness, is obtained irom the watei's of 8;ui l'ilip])o in 
four months ; and as the springs are powerful, and .almost nnitoi ni 
in the quantity given out, we .are at no loss to coinju-ebend the 
magnitude of the mass wliieh descends the bill, wlueb is a mile 
and a quarter in length, and the third of a luih' in bre:idtli, in 
some places attaining a thickness of 21)0 feet. To wliat length it 
might l)<ave re.ached it is im|)ossil)le to conjecture, .as it is out oil 
by a stream which carries the remainder ot the ealc.'ir(;ons nuitfcir 
to the sea.” Tnivertine is a light, porous, or coneref ionary rock, 
well adapted for .arches and other structures wliere weigdit is 
objectionable; it is for fliis reason tli.at it h.as been used in the 
construction of the cupola of St Peter’s. 

328. As with deposits from calc-areous, so with (leposits from 
siliceous springs — these forming siliceous tufa and sinter in con- 
siderable masses, a.s at the hot springs or of Iceland 

(where it fills fissures 12 and 14 feet in width), the Azores, and 
other volcanic regions. According to Dr Webster, the hot s])ring8 
of the Yalle d.as Furnas, in the island of St Alichad, rise tliroiigli 
voleanie rocks, and in-ecipitate considerable qu.antities of siliceous 
sinter. Aroiiud the circular h.asin of the largest spring there are 
seen .altcmate layei-s of coarse sinter mixed with day, indmliiig 
grasses, ferns, reeds, &c., in different states of pctrifectiou. 
Wherever the water h.as flowe.l, sinter is found rising eight or ten 
inches above the ordinary level of the stream, ihe 
leaves arc more or less incrusted with silex, and exhibit all the 
successive stages of petrifaction, from the soft state to a complete 
conversion into stone; but iii some instauces alumina is the 
mineralising material Fragments of wood, and one entire bed 
from three to five feet in depth, comiiosed ot reeds common to the 
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isliind, have become wholly silicified ; and a breccia is also m act 
of formation, composed of obsidian, scorim, and pumice, ccnu'Dteil 
by siliceous sinter. Indeed, all our modern l)rocci;i8 — that is, 
consolidated sands, gravels, shell, coral, and shingle beaches, arc 
cemented and held together by calcareous or siliceous iiiiiltratioiis, 
and in this way extensive beds, like the coral stone of the racitic, 
the limestones of (juadaloupc, and the breccias of i\sce)isiori,]iave 
been forming for time immemorial, .and contain the petrilieil re- 
mains of shells, fishes, turtles’ eggs, bones of sea-birds and land- 
mammalia, and even skeletons of man him.self. 

;120. In hot countries, incrustations of common salt, nitrate uf 
soda .and i)ot?ish, and otlier saline compounds, are foraned dm'iiig 
the dry season in the basins of eva])orated lakes, in des{‘rted 
I'iver-coui'ses, and iti .shallow creeks of tlic sea (par. (id). These 
incrustations go on from year to year, and in co\irse of time ac- 
(juire considerable thickness, or are overlaid by sedimentary mat- 
ter, and tliere exhibit alt(;rn;itioiis like the older form.'itions, 
Such dei)osits are common in the s.andy tracts of Africa, in the 
river-pL'tins of South America, which furiii.sh most of the nitrates 
of commerce, along tlie coasts of India, in the siilt lakes of Cen- 
tral Asia, the borax lagoons of Nortlnm Italy, and the .sal- 
aminoni.'ic v.alley-tracts of Persia .and Turkestan. S.Ml-ammoniac, 
like sul[)hur, is also a ]n‘odiict of modern volcanoes ; and h(dli 
occur in combination with clay and other cairthy matter (pars. 
50 and 124) in dei)osits of considenible extent in Sicily, Icel.aud, 
West Indies, .and other volcanic regions. 

3.30. With respect to springs and exudations of petroleum, 
asplialt, .aud the like, it m.ay he rem-arked that they are toe 
limited .and sc.anty to produce any seusihle effect ou the bulk of 
the rocky crust, and are principally of goologic/il importance as 
throwing light on analogous products of earlier date. Occasion- 
ally, like the petroleum spriJigs of the Iraw.addi (whieh yield 
auuually 000,000 hogshead.s), the Caspian (which discharge many 
hundred pounds daily), and the Tigris, they impregnate the soil 
and gravel for many leagues in their course ; like the pitch-lakes 
of Triuidad, Barbadoes, and Texas, they sometimes constitute 
[Hire and independent deposits; while not jpifrequently, like 
those of Basteniie in France, Seyssel, and the ^al de Travers in 
Switzerl.ind, the asph.alt is intimately blended with calcareous 
matter, forming solid irregukir m.'isses of which the hills from 
whence it is (piarried consist. 


I^moous or Volcanic Accumulations. 

331. The effects of igneous action in modifying the crust of 
the globe h.avo been already adverted to iu pars. 61-64 aud 123- 
1 27, it having hceu tlmrc shown th.at it acts either as a gradually 
elevating force, ?ts a displacing juid deranging force, or as an accu- 
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innlating agent by discliargcs of lava, scoria^, dust, and aslies. 
Whether inaiiifcsting itself in quiet upheavals, in earthquakes, 
or in volcanoes, its geological results are of jtrinie importance ; 
auii though the present epoch, as compared with soimi of 
tJie past, be one of rest and trauquillity, yet wide regions of the 
(rlobe Itear witness to extensive moditications even within the his- 
tory of man. That such must be the case, the stinhuit can rc.-ulily 
convince himself, by ca,sting his eye over the map of “Uolcanic 
Centres” in Johnston’s /Vqv.sv’w/ JY/u.s*, and there observing the 
prevalence of igneous ])henomena in almost every la^gion of the 
world bliiropi!, Asia, Africa, and America, the islands of the 
Pacitic and Atl.antic, the lands within the Arctic and A ni arctic 
Circles being all alike subjected to the disturbing and modil’ying 
iiitliieuces of igneous action. In par. I2(i, we detailed the leading 
lines of centi’cs of active eruption, and from t hcsi; we c.au trace an 
almost unbroken gradation back through the cinders aiul ashes 
that entombed Tlercul.aneum and Pom|.)eii eighteen hundred 
years ago to the tufaceous tr<(ss of the Khine, which was coeval 
with the jirehistoric .stone-period of our race, ami from tlu'se to 
the traeliytic lavas of Auvergne, which began to be cj<!cted at the 
(lawn of the paheotherian terti.aries, atnl closed with the C])Och of 
the mastodon, mammoth, and ele|ihant in Knro])e. Asexpommts 
of the recent history of the globe, volcanic products ])ossess com- 
paratively little interest ; au<l it is tlierefore chielly to the elbads 
tlicy have produced oil the relative level of sea and land, the ir- 
regularities of surface tlicy have crc.atod, tlie sudden dest. ruction 
of life they occasion, and their mere lithological magnitude, 
that we here biaelly direct the student’s attention. 

332. Volumes m'ight be Idled with the records of sncli changes ; 
our limits only permit of a few instinces uiid(U' each category, 
beginuiug with those gradual elevations and depi'cssions which 
produce, in the long run, extensive moditications in the bora and 
fauna of a country. Simm the coiumenoement ot the present cen- 
tury, the shores of the Baltic have been gradually elov.ated from 
1a;ii to fofirteen inches above their former level, and are slid aj)- 
panmtly on the uprise. This movement Iia.s Ikmui shown by 
Professor Keilhaii^ be the coutinnation ot a gradual elevation 
of the whole of tW Scandinavian peninsula, which commenced 
long anterior to the historic period, and has attaimal in tlie south- 
east of Norway an altitude ot nearly UtlO feet. As Seandinavi.a is 
gradually rising (and every iOO teet must a.ild materially to the 
rigours of its climate), so (Treeuhuid isgr;iduady sinking ; and ris 
with these well-known instances, so with others in diirereiit Lati- 
tudes of the globe. The iq)ri.se may not, however, lx; gradual ljut 
sudden, producing geologic^al results of a very marvellous and in- 
structive description. Thus, by the great Chili earthquake of 
1822, an immense tract of ground— not kss than ItM), (K)U s.piare 
niiles - was permanently elevated from six to ten feet above its 
former level ; and part of the bottom of the sea remained bare 
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and dry at Idgli w.ater, with beds of oysters, mussels, and other 
shells adhering to the rocks on wliich they grew, tlie hsli lieinir 
all dead, and exhaling most offensive effluvia. By an earthqnakt! 
in 1819, a tract— the Ullah Bund— in the delta of the Indus, ex- 
tending nearly fifty miles in length and sixteen in hreadtli, was 
upheaved ten feet ; wlule adjoining districts were depressed, nud 
the features of the delta com])lotely altered. 

333. The above are examples of uplieaval on a great scale, and 

attended with comp.aratively few convulsions or local displace- 
ments. The following are of a different order : — In 1692 the 
town of Bort-Boyal in Jamaica was visited ])y ;in eartlKpiakc, 
wlion the whole island Avas frightfully convidsed, and aboiil a 
thousand acres in the vicinity of the town submerged to iht' deplli 
of fifty feet, burying the inhabitants, their houses, and the .‘■ihip- 
ping in the harbour. The dlsastei's of the great Lisbon eartli- 
quake, in 1755, when the greater part of that city AAxas desi, roved, 
and si.xty thou.saud persons perished in the course of a lew 
minutes, have been repeatedly recited ; as liave also those of 
Calabria, whicli lasted nearly four years- from 1783 to the ('iid 
of -producing fissures, ravines, landslips, falls of the sea- 
cliff, new lakes, and other ch.auges — changes which, taken in con- 
junction, afford tlie geologist one of the finest examples of the 
com])licated alterations wliich may arise from a single series of 
suliterranean movements, even though of no gi’cat violence. In 
1743 the town of (inatem.ala, in Mexico, witli all its riches and 
eight thousand families, was sw, allowed up, and every vestige f)f 
its former existence obliterated ; the spot being now indicated 
by a frightfvd desert four leagues distant from the present town, 
So also with the Valley of the Mi3.sissippi in 1811, which, from 
the village of New Madrid to the mouth of the Ohio, was convulsed 
to such a degree .^sto create lakes, Islands, and new water-channels. 
Snell examples might be multiplied indefinitely, even Avithin ilic 
limits of the historic period ; but enough, we presume, ha.s been 
quoted to convince the student of the va.st amount of change 
that must have been produced by eartlupiake shocks ami con- 
Amlsions, on the surface of the globe since the comraeuceraeut 
of the current epoch. a 

334. The products of valcanoe.s, and th^lTects of volc.anic 
action, have been sufficiently detailed in pars. 123-127. The 
eruptions of Etna and Ve.suviusare matters of everyday notoriety ; 
the burying of Herculaneum and Pompeii, a subject of high his- 
toric interest ; and the trachytic lava-flows of Auvergne, carry 
ns back to times antecedent to the hum.an race, and yet all within 
the limits of the current epoch. In 1783, the discharges of the 
Skautar Jokul, in Iceland, continued for nearly three months, 
proflucing the mo.st disastrous effects, as well as most extensive 
geological changes on the face of the island. “ The immediate 
Boiu'ce, and tlie actual extent of these toiTeiits of lava, have never 
been actually determined ; but the stream that flowed down the 



OEG ANTC ACCU MUL ATH LN S. 


,'linunel of the Skaptar was about fifty lullea in l,y Uvt'ho', 

nr fifteen in its (Greatest bread tin AVitli rcLjard to its thickiu'ss, 
it was variable, being as inueb as five hundred or six hundred 
feet in the narrow channels, but in the phiiiis rarely more than 
one hundred, aud often not exceeding tmi feet.” W'e ijiiotc this 
ns one of a liundred instances that might be advanced, to show 
tlie extent of discharges from existing Vftlcanoe.s. AVhether as 
Inva, pumice, scoria', dust, hot mud, or ashes, volcanic yiroducts, 
both oil laud and under the ocean, are materially adding to the 
structure of the rocky crust, just as in former e))ochs a similar 
fiiiiction was jierformed by the granites, porjdiyries. hasidts, traps, 
and trap-tulfs of the mineralogist. Nor is it to the mere accu- 
iiiulation of igneous rock-matter in certain localities that the 
student must look for the (diief results of volcani<^ cirort. As in 
former epochs, so even now we have lines and axes of volcanic 
elevation ; and chains of hills, like- Ihose jiointed out by Von 
Tsehudi in Peru, and by Darwin in the Pacific, liavo risen almost 
within the scope of the Imman era. Jbal.eontologieally. voleanie 
tufas and lavas enclose ternstrial, fresh -w at «;r, and marine ir- 
iiiains ; and the.se must vary in eharacter, not (udy in jioiiit of 
time, but geograpbieally, as the ease may he, in eonneetioii w'itli 
such volcanic centres as those of Italy, tlie Indian Archipelago, or 
llie Islands in the Pacific. 


Organic Accmunl!iti"ns, 

‘i'Vh Organic accumulations, as depending on the agencies 
described in yiiirs. . 71 - 57 , consist either of vegetable or of animal 
remains, or of an intimate admixture of iMdh. The most, im- 
portant of those resulting from vi'getalile gi'owth are [leat-mosse.s, 
jimgle-swamps, drift-raffs, and suhmerged forests. /Vo/, which 
is a product of cold or temperate regions, arises chielly from the 
annual growth aud decay of marsli planfs— reed.s, rushes, eipii- 
setums, grasses, s|)hagnums, conferva'', aud the like, being the 
mniu contributors to the mass, which in ju'oeess of lime lu'cmni's 
crowned and augiiiented liy the presence ot heath and other 
shrubby vegetati^. Pe.at-inoss has a tendency to accnmnlate in 
all swamps and hollows; and wherever stagnant water jirevails, 
there it increases, filliug up lakes, choking up river-courses, en- 
tombing fallcu forests, aud spreading over every surface having 
moisture suflicieut to cherish its growdli. It occujiiesconsiilcrablc 
areas in Scotland and England, though rapidly di.sapjii’aring be- 
fore drainage and the plough ; but it still (*overs a wide extent of 
surface ill frelaiid. It is tbund largely in the_ Netherlands, m 
Russia and Finland, in North America, and in insular positirms, 
as Shetland, Orkney, and the Falkland Islands. Of the absolute 
•surface occupied by peat, we have no accurate estimate ; bu t some 
idea of the geological importance of the formation may be fonned 
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from tlic fact, tliat one of tlie mosses on the Shannon is fifty mills 
Ion", and from two to three in breadtli, while the great riiarsh nf 
Montoii-c, near tlie moiitli of the iiOire, i,s not less than liti v 
leagiuis in circumference. Some of the Scottish mosses have luvn 
dug for fuel to the depth of twenty feet, and many in Ireland ainl 
Ilollaud are reckoned .at twice that tliicknes.s. It occurs in all 
.stages of consolidation, from the loose tihrous “turf” of the piv- 
vious summer, to the com])a.ct lignite-looking “peat” fornied thou- 
sands of years ago. It has been attempted to cla.s.sity peat ;is 
lnvj\ hlll-pedt, d'c., according to the .situations in wliieh 

it occurs, or accoialing to its texture and comjKisitioii as /////•o/o-, 
])((.])// miihii, and pin'jhrm ; but seeing that the wlioh' i-, 
.so irregularly ami intimately blended, such distinctions are of 
little practical value, lle.sides the peculiar plants which consti- 
tute the mas.s, ])eai-mo.s.ses contain the trunks of the oak, itiiie, 
birch, alder, hazel, willow, and other tree.s, together with their 
seeds, fruits, and cone.s— app.arcntly the wi-ecks of forests en- 
tangled and destroyed by the accumulation of the sw.aniiy pciil, 
prostrated by storms, or filled by the hand of m.an. Ami, what 
is de.servi ng of speci.al notice, the trunk.s of many of those lives 
are of most gigantic dimensiou.s, in illstricts where now the same 
.species strugghi on for a stunted and dw.-irtish exi.stcmie. Hones 
and horns of the Iiish elk, stag, o\, and other animals, are Ibuml 
in most of our .British ino.s.se.s, with occasional remains of human 
art, as canoes, stone-axes, (pierns, flint arrow-heads, kc.., of tlie 
British stono-pm-iod ; Ituman wea])ons and coins that date to tlu' 
first iuv.asion of the island liy the legions of Ciesar ; and not iin- 
freipiently the .skeleton of man hiimself Some of the.se fos.sils 
are comparatively modern ; others [mint to a jieriod apparently 
coeval with the dawm of the human race. 

330. A.s with [xiat-niossos in tenijxirate latitudes, so with tlic 
jungle-growth of tropical deltas.astho.se of the Niger, Ganges, 
and Ani.azon ; .so with ihe ey|>re.s.s-.swam[)s of the TTiiited States, 
and .so also with Ihe pine-rafts and vegetable debris borne dou n 
by such livers as the AJaekenzic, Mississippi, <!vc., and entomln d 
in the lakes that lie in their course, or amid the silt of their estu- 
arie.s. All are adding to the solid structure of the globe, ami 
forming beds, small it. may be in comparison, bul; still amdogous to 
the lignite.s of the tert iary, and the coals of the carhoniferous era. 
Speaking of the Gaiiadian lakc.s and rivers, many of which an- 
nually receive vast (piautitie.s of drift timber, Dr llicliard.son re- 
marks— “As the tree,s retain their roots, which are often loaded 
with e.arth and stones, they readily sink, especially when water- 
.soaked ; and accumulating in the eddies, form shoals which ulti- 
mately augment into islaud.s. A thicket of small willows covom 
the new-formed islands as soon a.s they appear above water, and 
their fibrous roots serve to bind the whole firmly together. Sec- 
tions of these islands are annually made by the river, assisted by 
the frost ; and it is interesting to study the diversity of appear- 
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anoo>; tboy present, aeeonlinj,^ to their diHerent at^os. Tlie ininks 
of the trees gradually decay until they art' converted into a 
hlaekisli-brown siihstaiicc! roscnihling ]»cat,l)nt which still retains 
iiiei't' or less the structure of the wood ; ami layers of this often 
alternate with layers of clay and sand, the whole hei/ig pi'm.'trated, 

1 1 the dojtth. of four or five yards, liy tlu' hmg tihrons lauits ofthi! 
willows. A de])osition of this kind, with tlumaid of a litth* in- 
filti'atioii of Intuininous matter, would produce an ext'ellent imi- 
tation of cord. It Avas in the rivers oidy that we could ohserva; 
M'cl ions of thesiMlcposits ; hnl tht* same ojterat ion goes on on a. 
much more magnilieeiit scale in the htkes. A slntal of many 
miles in ('xtent is formed on tht; south sith; of Athahasca, Lake, 
ly the drift timber and vegetahle debris brought down by the 
lilk River ; and the Slave Lake ibself must in ]H'ocess of time be 
lilled up by the matters <laily conveyed into it hy Slave River.” 

;!)>7. .Acciiniulat ions n'sulting lr(nn ardmal agency are nniva'isal 
.and varied ; but thosi; of any a|)]n'ecial.)le niagnit iide are <'hii‘(ly 
coi'al-reefs, shell-laeds, ami iidiisorial deposits, d’ln^ natnix' and 
growth of the coral zoo]>hvt(! has lieeii already allmh'd to in ])ar. 
m, and avc need here only observe the extent of its distribution 
in the I’aeitie, Indian, and Southern Oceans. Viewing a. co/vi/ 
i'o7’a,s essentially compost'd of coral structure, with intermixtures 
ctMrift-conl, shells, sand, ami other marine debris, wt' tiiid such 
Jii.'isses studding the Facilic on both sith's of tin; etjuator, to the 
thirtieth degree of latitude— alioundiiig in the southern ])art ol 
the Indian Ocean ; trendiiigfor hnmlrt'ds of inilcsah»ngth(' north- 
east co.ast of Australia; and occuri’ing less or more ph-ntitully in 
till! I’ersian, Arabian, Ked, ;iml Mediterranean Seas. In the 
Laci tic, where volcanic .agency is activt'ly u]»h<'aviug a.ml submerg- 
ing, coral-reefs are fmnd forming low circular kslauds 



fringing islands of igneous origin {harrln'-reef^, crowning others 
already uplieavcd i<yn\d-lnl;jes\ or stretching away in long surf- 
beaten ridges (the true reef) of many Icagiie.s in length, and from 
twenty to more than one hundred feet in tliickness. Itegaiding 
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tlieiii ;>H mainly coniposod ol coral, ainl knowing ili.at, tlic znn. 
pliytos can only add a (iwv inches to the stnictinv, during a c ii. 
tiny, many of these reefs must have heen eomnienced hcrurc lla 
dawn of the prestmt ej)och ; and looking n]>oii them as coiisi-i 
ing essentially of cai'bonate ol'lime, Ave have ealcaremis aeciiiiiii!:i- 
tions rivalling in magnilmle the limestones of the secondary t 
mal jons. (.l-i[)lain Klindi'rs desci'ihes tin; great reef which fihnw , 
the line of the northo'ast coast of ^\;w llollaml as nioiv tlnr 
l()t)(l miles in length, in cniirse of which there is one eiinliierd 
portion exeeeiling ddO miles, without a. break or jiassagt* tliioi;' h 
it. Tlie thickness of the mass is variable— in .sume instances h 
than twenty feet, and in otluu-s moi-e than a, hundi’cd. 

.‘k'ls. The (‘onqiosition and construction of coral-i'cefs 'wliicli 
haveiu'cessarily I’ceeivi'd a vast amount of ndniite atieiition In n 
our scieiitilie voyagei's', though etfecled chielly by lime seerctii:.: 
zoitphytes, seem owing, in s une liu'asure, to the proniiMsiuii. 
aggi’i'gation of marine debris. As jirodueed by tin' /(Kpln if', 
eoi'al is almost a. ]»ure carbonate of lime, soft and porous at lii -i, 
but gradually In'coming so hard and compact as to be used in lli 
South Sea Islands for building. Diiriiig its forniati<tn, howenr, 
it encloses shells, fragiiKUits of drift-coral, sea,-Wi'cds. spongics. ; 
Jislies, s(‘a-urchins, drift-wood, and tlu- like; and thesr' heipj 
cemented in one mass ly the growth of new coral, the drift if 
eoral-sand, and the inliltration of carbonate of lime from decci t- 
posed coral, the rock jiresents a. breceiated appearance extiaam 
analogous to some ohh-r limestones. Where reels have liecii ly 
heaved by subterranean agency, as the strata, of fossil coral on ll 
hills of d’ahiti, or enveloped in volc.anic tufas, as in the Isle c. 
I'b-anct;, where a Ix-d ten feet thick (t('eurs bet.wemi two lava eiu 
rents, tlu' “coral-stone” has a, sparry crystallim' as|)ect - lli'i- 
])n‘sen(ing the geologist with almost every gra,dation of limeslciir, 
from the soft chalky mass of yesterday’s secretion to the coiupai.i 
texture of saccharoid marble. 

M.'lb. fS/ii lf lutls, like those formed by the oysti'r, cockle, miis.^c! 
and other grcg;i,rious molluscs, ai'c found in tiie seas and estuari' ■■ 
of every region, ofien sprc.ad over areas of considerable e.'dcu'- 
and sexa'ral feet in Ihiekne.ss. Itead shells air also acenmuh'ilol 
on certain eoa.sts in vast quantities ; and shell-saml, (Uitindy ema 
posed of eommiimted .shells, is drifted for leagues along tin; slioi " 
ot e\’eiy existing sea. In liict, wlicn we eonsider the myriads "i 
te.staee.a that throng the waters of the ocean, the rapidilv wlik 
Avhieh they jropagate their kind, and tlie Indeslruetlble, mdiii'i 
of their shells, wa* are eoni])elled to admit tlicir accmmd.at ions la 
a jdaco in the ])rcsent cjiocli, as important as tliat xvldch tluy 
lieid in any of the earlier era.s. Occasionally the drifted shells 
and shell-sand of existing coasts are cemented into a eumjiact diir- 
able breccia by tlie infiltration of calcareous matter resulting frurn 
their own dccompo.sition ; in m.any of our raised beache.s, .shell- 
beds several feet in thiekne.s.s constitute a prominent feature : 
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;ui(l ('oulil WO lay ])aro tho Imlioin of inaiiv sens niid estuaiirM, 
.IicII-IhhIs eijloii>i»c(l ill sihi wotikl be diseoviTed rivalling in iiiay- 
iiitude ilio shelly limestones of the stratified systems. As the 
r:iii!A‘ of the testaeea, ])oth in jioint of dejilh and yfO'jjraphiral 
l ititnde, is now pretty well known to the zoologist, tin- sliell Iieds 
lii'i'oiiK! important indices not only to any cliaiiyi' of climate, Imt 
ic anv elewdion or dejtression id' sea-bottom that may haw; ta,ken 
place in the I'eyions wliere they maw o<‘cur. 

dto. In treatinp^ of tlie chalk and tertiary strata, we saw what 
an important part ha,d been played in the formation of certain 
'i ds 1)}' infusorial animalcules ami miniife foraminifera. ; and so 
!'u' ;is the researches of mi<‘roscopis(s lia\ f yone, it woidd a’ppear 
lliat (he same minute ayem-ics ai’c still at work in the silt of our 
lakes and estuaries, ami in the shoals of mir seas. What the eye 
icyards as mere mud and clay, is found, under the leiisoftlie micro • 
■• 'iipe, to consist of countless myi'iads of infusorial shields, oj- the 
^!H lls o!‘ foratninlfera— a discovery whose limits will be further 
i.\iendeil as the mi(*roscope becomes, as it ,so(,)n mu''l be, (he in- 
'ipiarable eoiu])ani(m of (he yi'oloyical impiirer. It, has b(!en as- 
I'.rlained by Idirenbery, for e.\ani|»le, that infusorial aecmnula,- 
lieiis are mnv cliokiny up tlm harboiti’ <ii \\ ismar in the Ifaltic ; 
dial similar forinati(*ns a,j’e etfeetiny chanyes in tin* bed of the 
at 1 tonyola in ?sdibia, and in tin; Kibe at ( 'u\ha\ cn ; and 
lli it many (d' our oiehi-aceoits boy iron consist chielly <ii tin; 

slleH'O lerruyi nous shields of these minuti' and myriail aniinal- 
I 'lles. The liini-iitiihl mountain me.a! <d b-elaml ami I.ajilaiid, 
I’le 'dalible clay” <d' 1 Ira/.il, and (ho “ white .-arth ” of the Ainm 
iran. Indians, an; evidt'iitly of the same nature, amd the.se are 
pivad over many miles in extent and several t('et in thickness. 
.\ce()rdiny to . Pictet, (itHK) slndls of foraminifera ha vi' been ('miiited 
i'l an onnc(! of saml from the shores ol the ,\di‘iaiic; d ()i-l)iyny 
' -mid ;),sh),(H)0 in the same yiiantity from (he .shores ot the An 
dlles ; and e\'ei’y cast ol the soumliny load, alike in the Atlaiitii , 
Paeilie, and Australian sea.s, broiiyht ii]. tlKanamls to the natu- 
ralists of t he I diited States .Kxidoriny Ivvpeditioii. _ 
ddl. Althouyh coral-reefs, shelPbeds, and infusorial ilep'’-'ibi 
are the only accumulations of any maynitnde anmny Inmi amnia, 
ayeney, tluTc are still some ma...ses arisiny from the e.x.'ret la' ami 
exuvia; of tin* larycr animals (hat have a ennons interest Irdh in 
a litholo-dcal amrpa,keon(oloyical ].oint of view. Thus the 
ofthe Pacitic and other tropical islets, so valuabh; as a nimiiire, 
Consists mainly of tlm droppin.ys rd“ countless sea lowl, inter- 
iiiinyled with their skeletons and cyys, the decayed bo.m-s ryid 
holies of tishes seals, sca.-lions, ami other marine cicatuK.s. on- 
sideriiiy the immense thickness of some yumio-deposits^ 
necessarily sloAV accumulation, the loAver beds must be (d xast 
antiipiitv' carryiny us back to the very verye ot the current era. 

frauds aiidyravcdscontaininy masses ot dritt bones simli as llie 

tasks and griudei-s of the mammoth and ele].liant, the bones and 



262 


POST-TERTIARY SYSTEM. 


teeth of the rhinoceros, hippopotamus, horse, bear, &;c., and tlic 
horns and bones of the elk, stag, and wild ox, are common in tin; 
valleys of Britain, in the river-plains of North America, and in 
the gravel cliffs of Siberia and the polar seits. These OHsifernux 
sandH and </mvels are clearly later tlian the glacial drift, nrid if 
not in some instances the re-traiisported material of tin; pm- 
glacial ossiferous gravels (par. 297), ai-e referable to tlie period of 
our earliest raised beaches, and to the time when the sea and land 
received their present configuration. To this curious .series of 
accumulations belong the mastodons found in the bog-marls ef 
North America, the mammoths of Siberia and the islands in the 
polar seas, tlie dinornis and other gigantic wingless birds of New 
Zealand, the cpiornis of Madaga.scar, and the elephants, rliino- 
ceroses, elks, and beavers of our own A^alley-deposits, Most of 
these remains belong to animals now removed from the eounti-ies 
where they occur, or altogether extinct, and point to a period ;i})- 
parcntly anterior to the human r.ace. Occasionally, as in Belgimii 
and Trance, and at Kent’.s-hole and Beiry-head near Toi'fniay, 
human l)ones and traces of a rude primitive life arcs found in 
caverns associated with such remains ; but in such cases man has 
become the tenant long after the other bones were imbedded ; 
and we have as yet no distinct evidence that our race was coeval 
with the tnastodon in America, with the elephant in Britalji, or 
with the herd.s of mammoths tl;at browsed on the ancient river- 
plains of Siberia. The human skeletons found in Continental 
caverns and osseous breccias, in the river silts of South America, 
in the peat-bogs of our own island, and in the tnfaceous limestone 
or eoral-conglomerato of (luadaloiipc, about wliieh so mueh noise 
was made a few years .ago, are, comparatively speaking, but of 
yesterday, and date back at the utmost but a few thousand years. 

342. I'lic deposits described in the preceding paragraphs are 
either of vegetable or of animal origin ; but there is an intimatii 
admixture of both in the soil or superficial covering of the earth. 
Strictly speaking, soil is an admixture of decomposed vegelahle 
and animal matter— the decay of plants, and the droppings ami 
exuviie of anim.als. Though generally containing a large propor- 
tion of earthy ingredients, its dark loamy aspect renders it readily 
separable from the “subsoil” of .sand, clay, or gravel, that lies 
beneath. It is of universal occurrence, no portion of the earth’s 
crust being uncovered with it, uule.ss, perhaps, the newly dei)Osite(l 
debris on the sea-shore, the .shifting sands of the desert, or thi! 
snow-clad mountain-top. In some places it barely covers the 
flijity rock, in others it is several feet in thickness and evidently 
of great anti<puty ; and everywliero it is annually on the increa.se, 
partly from the decomposition of plants and animals, partly from 
animal excretim, and partly from new additions of wind and 
water-borne inorganic particles. It is curious to observe in .sec- 
tions of some undisturbed soils the various layers of vegetable 
humus, lines of laud shells, fragments of pottery and other ob- 
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jects of human art, and those again succeeded hy lower layers of 
roots and vegetable mould, traces of early culture, and, deeper tliaii 
all, fragments of bone, charred wood, stray coins, stone hatchets, 
and flint arrow-heads— the whole, though only a few feet of 
‘‘superficial soil,” carrying us backward through the lapse, it may 
be, of more than twenty centuries. It is tlnis that tliese super- 
ficial coverings of soil— of “ ruin and rubbish ” - insensibly inter- 
weave the chronology of the historian with that of the geologist 
—leading the one from historic to prc-historic times, and the 
other from pre-historic traces of the human race downwards 
through fossiliferous strata whose antiquity ceases to be registered 
by years, and can be only dimly indicated by the lapse of biologi- 
cal cycles and systems. 


note, RECAPITULATOHV and EXrliANATORY, 

343. In the preceding chapter we have briefly indicated the 
nature and extent of the various accumulations that have taken 
place, and are still taking place, all over the Hurtaco ot the globe 
since the close of the boulder formation. Uf course it is always 
dillicult, and often impossible, to fix precisely tlic limits ot a 
geological formation, inasmuch as the close in one region inay 
not be simultaneous with its termination in 
case of the Glacial-drift there is this ad.litional ditficulty, tliat as 
the land rose from the waters, ^lart of the drift was re-transiiorted, 
a^niin deposited, and ultimately elevated in the closest pronmity 
with the clays and bouldei-s from whence it was derived. Ag^•im, 
while the Giacial-drift forms a sort of gmding-post m H'^’tbcru 
and southern latitudes, its absence in 

countries increases the difficulty ol drawing there t le ‘ . 

ance between rieistocene and Kecent accumulations. 
cally, therefore, all that enn lie done is to ^ ^ 

great category all the superficial formations . u , 

place since the oceim and continents receive ^ ‘ ( 

nearly so) of their present configuration ; or, ^ 

locricallv since the establishment of existing biological prm 
cea Adoptiim this plan, we have classed thj^e 
under theLaS Post-Tertiauy or Recent, and 
into the following groups, according to the agents more 
diatejy concerned in their aggregation 

FLUVlATiLE...Tlivor accumulations and estuary deposits. 

LACU8TBlNB...bako-8ilt ami marl-beds. u 

Marine Marino-silt, sand-drift, slungle-bcaches, 

CUEAIIOAL Calcareous, siliceous, and saline aggregations. 
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laNEOlia r)i.sdi;ir!;os of lava, kc., cart.la|uako (lis|)lact'inciits, 

OliUAMC roat-mo.ssos, .shull-bcds, corul-roufs, inriisurial accuniiila 

tious, Ac. 

As all tlicso agencies are ineessanily at work, some of tlie pre- 
eeditig accaim illations are still in jirogress, others ai'o coiiipan- 
tively recent, and some, again, of vast extent and nnkiiowa 
antiipiity. Indeed, wlien estuary dejiosits, alluvium in valleys, 
lake-silts, peat-inosses, sand-drifts, and coral-reefs, are takeu in 
the aggregate, they assume a geological importance not al :ill 
inferior, as j;ir as amount is concerned, to any of the oldi i 
strati lieil forma tions. 

hit. Lithologically, the formation of these suixirlicial acemiiiila 
tions is jiatent and apjcircnt, and tlius, while of high interest in 
themselves, they aeijuire additional im}»ortanee from fiiniisliiiiL; 
us with a key. as it Were, to the more obscure and eomplicatnl 
idieiioiiiena of earlier epoehs. There is no ditlieulty, for inslainv, 
with the formation of such mechanical aggrcgati'S as Ihiviatile. 
laeiistriiic, and marine mud-silts, with sandalrifts, gravel, and 
shingle-beaclies ; none with the chemical aggregation of e;dc-tiili'. 
silici'ons sinter, or saline iiieruslations, though s< mud lines ^l e may 
douht as to the sources wlieiiee the materials are deiaved ; and 
there is nothing oliscnre (when rightly studied and ;i])art IVoin 
preconecivaHl theories) in the growth of shell-beds, eoral-rei lb 
and Infusorial masses. The lilhofaclioii of such organie mass- s 
as shell-marl, coral-reefs, and jieat-beds, and the internal changes 
th(>y assimie under pressiuv, inliltralion of mineral waters, ami 
other ehemieal atlinities, present some inleresliiig (piostioiis, hid 
no insu])(‘rabh: ditlieulty to the chemist and jdiysieist ; and the 
main diHieuIlies eoiiiieeted with the rocks of the period arc those 
that attach to the products of volcanoes already adverted to in tin' 
llcca[)itulation of Chapter VII. In fact, the whole IVitrology oi' 
the period -luAVi’Ver iiiiich we may marvel at the extent of i.‘oi':d- 
reels, the inminiei-able organisms in infusorial dejiosits, the anti- 
<[nily of jxjat-niosses, or the jirevaleiice- of voleanie jdienoniena, - 
is a thing taking phua' bencatli and around ns, and the stiidiail 
wlio tails to eompreheiid its nature and origin need scarcel) 
attem|)t the solution of earlier formations. 

did. 'rhr P;il;i‘ont(d(tgy of the jieriod might lie left to the bota- 
nist and zoologist, as all but synonymous with the botany and 
zoology of evislhig nature, were it nut for imuiy foro/' nmoro/s, 
as the elejihant, rlunoeeros, wild-boar, elk, bear, wolf, beaver, Ac. 
from our own islamls, and several (fi na'a/ as the 

mainnioth, dinornis, and dodo. The cosmieal eojiditiotis of our 
planet tVtrhid any eessatioii of |)rogress ; and thus wdnle its ijioi'- 
ganie materi.ds are being worn down, shifted, and re-eoustjaieti d 
into new arrangements, its vitality must also undergo corresjjond- 
ing modilications, re-distrihutions, and it may bo extinetioiis. 
A(lopt i ng this view, the Post-Tertiary maybe conveniently grou|jei 1 
into the following sub-periods ; — 
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^ IIisTOKK;.— A ocuuiiilatioiis ami chaums williin tlio r:in''<! • 

> coiitiiiiiini;- L'nins, iiii]ilrmruls, aial \vr:i]Mins dC niuiai. or ulijr.'is nl' 

^ art, LliaL call Lh! rcroiTOtl to soiui' ik liiiiti! pcriciil df lunnaii cliro- 
J liolooy. 

PllK-lTl.S'l’oluO. -Aocunmiatlons and (U']idslts inila'ddin;'; atiHU! iiiiplc- 
- ) incuts and \vca].nn.s, and ollu r ovidi iu;cs ot ^luan anterior ti any 
a definite! ])cri<i(l in history. 

V: .M AMMOTItl AN. ■.Acciiinnlatinns coutaiiiiii;’; tlic rrniains df lln- maiin 
9 niuth, iVc., witli which We have yoL no »:crlain (!\i(lcncc that inaii 
was (■dut.ciiiporary. 


TliHMigli tlioso 8tn.iT;cAs--4iiston(.^ jnv-Iiislorie*, ami in.iniinolhi'm 
we ;u\! led insoiisllily into llm 'laTtiarv system ; ami tlieic in many 
ui'llu; superlieiai Inals Uie reimuiis of the Mamimd li ai’i' assneiatcil 
with those of the eatliei- ami nmn' (‘(ismo|»ulilnii Mastodon. 

dlf). Ill an eeimnmie point (d‘ vii'W, tlm maleilalsor llm Post 
Tci'tiary System are t)f vast and nnivei-sal vahm. Pfoiii its ( /ny,; 
we obtain an nnCailini,' supply for peitlcry, hriel.s, (ilos, (Iraiii- 
pljies, and other lietile pnrpnst's ; its |)iirer .so/e/.s supply the 
ylass-maker willi siliea, the hiiilder with sotliii't for his mortar, 
ami the iiietal-smeltor with m.aterial fm' his immlds ; its f/zo/’'/: 
and s/o‘yp//care used in every eniiidry for i-omhmakin,;y ; while many 
of the, same tlnvial ih; sands and ^ravels ari' the main repositories 
of drift -gold, as in (Jalifoniia, P.ra/il, ustralia,. and the (tiii’al ; 
of streaindhi, as in ( 'ornwall ; and id‘ gems and preiaons stones, 
as in India and other eniinirie.s. Tln! //eo7.'i<.f the, system have 
lieeii long used in agritailture, as liaNs; also the .s7/e//-,',o/a/x <»l many 
shores, and the iro/yior tidal silt, of e(!rtain estnaim-.s /'o//, win ii 
ling in reelangiihir hloeksand drie<l in (he >iin, or eoiiipres'.ed hy 
liydranlie pressure, eonstilutes in many distriets the pi-iiieipal 
hiel, not only for doinestie ii.se, Imt for Inirning lime, healing 
rorU’ and maltdvilns, and when eharrml by a Muotliered eomlms- 
tion, makes an exeelleiil eoke fm‘ tlie smelling ot iron and similar 
l)urj)oses. Al.tem[ds have also I»ecn made in this eomitry to e.\ 
traet from its mass tannin, iiaplitlia,, jiaraliiiie, amlolhei' eln niienl 
Jtrodiieis ; and the vidue of deenmjiosi'il [x-at is well known to the 
fanner and gardener. The iA eoininoii ,>all, 

nitrates of .soda and pot, ash, hoi’a.x, .sahaininoiiiae, and the lilo',^ 
have been early made lise of by man ; and reeeiillv the nitrate o) 
soda has become an extensive imiMirtatioii from South Anmni'a 
for manurial pni’poses, 1’he A’/bO//ei/,v miaphth.a, ]ietroh'uni, ainl 
as[)halte -have been long known and used in the arts, inauiilae- 
tures, and medieiuo. Asphalte m, not, ami .syz//o//o, I slip, w.is 
reeeutly used as a eement, ami idso in emhalming •, am| now it. is 
e.xteiisively employed in the mamitaeture ol I'ooiing, linings for 
cLsterns, I'oot-jiaveinents, tkc. Distilled naphtha is largely used as 
a solvent for eaoutehouc, and oeeasimially a.s :i substitute for od 
ill lamps, Ac. The industrial ajiplieations ol the voh-anie jiro- 
duets — lava, ]iiimiee, pn<>/./nlana, trass, siiljihnr, (.ke.^liave heeii 
already adverted to in jiar. 127, to whieh the student may again 
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refer. Tlie value of certain kinds of conil for ornamental pur- 
poses is well known ; and tlie massive reef furnishes one of the 
most accessible and purest of limestones. 

347. On such an obvious and universal subject as the Superfi- 
cial Accumulatiou.s, wo have ncce.s.sarily many authors, sonic of 
whom may be consulted with advantage. For instance, the 
J*rindples of (reolot/p, by Sir Charle.s Lyell, is quite a storehouse 
of facts relative to current geological events ; so also is Do La 
Eeche’s (imlo(/ical Observer ; and much information may be dra^ n 
from Mrs Somerville’s Phi/siml Geofjraphj/. On the subject of 
Coral Eeefs, we have the authority of Darwin in his valuable 
Jovrnai, of Stutchbury in the West of Kiufland Journal^ of 
Beechey in his Voyaye to the Paeijic^ and of many other recent 
voyagers. On Peatnios.s, the Treatise, of De Luc and the Jdssuijs 
of the Rev. Mr Rennie may be consulted with advantage ; and 
the standard work of DrDaubeny On ro/ca«o(« contains most of 
the facts connected with the subject, or sii|)plies the name of the 
author who has written on the igneous jihenomena of different 
localities. Raheontologically, Professor Owen’s Fossil Mamrtialk 
of Jh'itain, the Ossemens Fossl/eso^ Cuvier, the J^ahteontoloyicx 
of Pictet and D’Orbigny, and the UeVupdae Diluvianae oi 
Bucklnnd, will .supply the main features of a fauna which dilfeis 
little, except in the extinction of a few genera, from the fauna of 
existing fields and forests. 



XIX. 

GENERAL REVIEW OF TITE STRATIFIED SYSTEMS- THEORETICAL 
DEDUCTIONS. 

348. The object of Geology, we have stated, i.s to discover the 
const itution and unfold the In.stoiy of our globe. What nre the 
materials of which this earth is coinixised ; what are the causes 
that have led to their formation and present arraiig^'inent ; what 
the nature of the vegetable and animal remains they entomb, as 
compared with those now ])eopling its land and waters ; wlmt 
evidence do these afford of })ast change and progress ; and, com- 
bining the sum of such evidence, what is the history of oiir earth, 
tracing back, through all its manifold jdiascs, from the current 
hour to the earliest moment of which we have record in the 
rock-formations we investigate ? This is Geology this the wide 
Held of labour ; these the numerous and com|>licat(Hi problems— 
this the attractive though arduous task that lies Itefon^ ihe geologi- 
cal inquirer. Tn tracing the history of our own race, the archa'olo- 
gist exhumes buried cities and catacombs, collects objects (d'hurnan 
art, deciphers monumental inscriptions, .and notes every vestige 
of the successive tribes that have peopled any given locality ; so, 
in Geology, the truthful inquirer examines every .str;ituni, exhumes 
every fragment of plant or animal he detexts, and notes every 
impress of the past, be it a footprint, the rip|)le-mark of a |)assing 
current, or the pittings of a raiii-droj). Every fact, however small 
in itself, augments the amount of evidence ; and thus it is, that 
mere chips and fragments, which the foot of tin; ignorant would 
spurn from its path, and the road-maker consider sorry mate- 
nal for his purpose, are in the eye of science invested with as 
high an interest as the obelisks of Egypt, or the sculptures of 
Nineveh. The one carries the human chronologer at most only 
over the chequered lapse of a few thousand years, the other bears 
the geologist back immeasurably into the past ; and if historians 
are disagreed as to time and incidents so recent, what marvel 
need it be that geologists are not yet at one respecting events and 
epochs, compared with which the most distant dates of man are 
but as the moments of yesterday ? And after all, uniformity in 
geological belief is much more general than is commonly supposed ; 
and just for this reason, that wo arc dealing with great cosmical 
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(‘vcnts, tlie rosuK.s of Iiiw.s ;inil opomtioiis Iliat are now 
liavi! ;u'tci], and will uontiimo to aot, in tlio saineiinitoj'm inaniit i-, 
wliiki tin; [)iusent constitution of Nature remains. 


(Jnironnlly nf Nalnral 0[)C>ratioiis. 

d ID. The a,mmci(;s that now o})erate on and modify tlio sni-fai'i' 
oftlie olithe - that scoop out valleys and Wear down hills ; tliai 
(ill u]) L'lki'S and cstnai‘i('s and seas ; that suhinergc the tlry laml 
and cleva.ln (he sead)ottom into new islands ; tliaf rend tlio i'mi'Is v 
<! rus(. and throw up mov m'liintain-chains ; and that inthit ina' iln: 
cliai'aeter amt distrihniion of plaids and animals, are tin* saiin' in 
kiinl tliongh difl'ering it maybe in degi'cc as those that liaNe 
oporated in all time past.. 'I’he layers of mud and sand and grawl 
now (h‘[)osit(‘d in our lakes and estuaries and along the sea Imt- 
toni, and gradually solidifying in(<» stone before om- eyes, aiv 
same in kind with tin; shales a.nd sandstoiies and congloineiMlcs 
that com pos(‘ the rocky stra.ta. of the globe: the maids ol' oiir 
la.kes, the slielbbeds of oiir esl u.arics, and (lie coial-reets ol e\ js(- 
iiig sea,.s, yea,r after year increasing and liardening, belong to the 
same seric.s of materials, and in proct-ss of time will be nmbcdiii- 
gui.diabh' from the chalks and limestones and marldcswaopiariy ; 
tin; peat-mosses, the jniiglc-growtli, and the vegetable drift, iha! 
ha\‘e grown and collected within the history (»f man, arc bid cim- 
tiimations of the same formative power that gave ri.se to (hr 
lignites and coals of the miner; tin; molten lava.s of .I'llna and 
N'esiivins, and the cinders and ashes <d* I lecka, are but repel it 1' ais 
of the same materials which now compose the basalts and green- 
stones and trap lulls of the liills .anmnd ns ; while the corals and 
slndls and fossils, the fragimmts of plants and Iho skidetons ol 
aninia.l.s. now imbedded in (he mmlofour lakes and estuaries and 
si'as, w ill oiH! day or other be converted into stone, and tell as 
marvelhms a tale as the fossils we now exhume with such intcre.sl 
and admiration. Without this uniformity in the great o])eralmiis 
of nature, the history of the T’ast Would he. an nneertainty and 
delusion. We can only read the past as eoiimsde*! with the pre- 
sent : ami jiremise of the future from wdiat is now going on 
around ns. 

bdit. And here the student is met with this dillieuUy at (he 
outset, namely, that many writers on the seieneeare in lliehahit ol 
treating geological jdienomena as tlie results of “eataelysins,” and 
“ revolutions,” .and “aberrant forces,” witlioiit seeking li<r their 
solution, in the tixed and ordinary ojieralions of nafnre. In one 
sense, sneli oi-cnrrenecs as t/ie snhmcrgenee of the Tdllah Itnnd in 
India, the Lisbon eart.h(|uake, thedischargt'sof lleela, and Ibe like, 
are in their local results cataclysmal and rcvoUitionary ; Ind, 
after :ill, they are merely e.xponents of estahlished forces in na 
tui’e, which have operated less or more through all time, and 
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id!) 

sL'c'tii as iiaaessaiT lor llio coiisorvalioji ofa, liaMlabIc' lorraiiuriais 
as tin; licat, of the sun or tlio daily rotation of tlio oartli on 
its axis. Jii oosinical o])orations \V(‘ may not always bo alilo to 
irata; llio contlnuons line of law by wbicli tlioy arc nynilatcd ; 
Inil ill snob instano(‘S it is ooi'tainly inuoli more jibilosopbioal to 
]:i\ till' (IcfccI at Ibc door of onr own inability to Iraoi', than to 
a-cribo It to irrcejnlarity and disorder in nature. And aftei- .'ill, 
there are really very few jilienomeiia in llu' erust of the e.'irtli 
tliat cannot be jiceonnled for liy existing; causes. 'I'lic boulder- 
clay, with Its lniyc waiei’-worn blocks, meet.s with Its ;u];tloL,nies 
ill arctic and ylacial ri'ynons ; tlii'inosi massive eonydonicrat es are 
niatelied by exisliiej; sliinyle beaebes ; tile yraiiiles and b.'isalts oi 
oiir bills lia.M' tbeir types In actl\'e volcanoes and volcanic jn'o- 
diictions ; liniolones in li\ iny coral-reefs ; and coa.l-beds in the 
lieat-mosscs ami veiyetalile drills of the cun'ent epoeli. If the ope- 
rations oflhe past seem, ill some cases, to li.'ive been eondlicled on 
a, more uiyanlie scale, or with yi’cater r;iihdiiy, than (Imse oi tin' 
jireseiil day, Ibis loo inay be ri'adily .accoiinted for by dillereni 
arraiinenieiils of sea and land, ;niil by concenij'aliiiy, .‘is it were, 
llie jiowi'i' of anv set of forces for a coni iniions pei'iod in one 
dii'i'ction, and wiililii llie limits of one loealily. 1 niil we a.scei'- 
laln the power of existiiiy causes nmler every ]iossib!e jiliasi' ol' 
arranaviiK'iit, il is alike ]»rematnre and iinpliilosophical to bave 
recoiii'se lo abnormal conditions, and the student o( yeoloey 
abandons the riyhl jinth ol' invesliueilion the moment he apjieals 
1o other causes than those now operating' above, lieiie.alli, and 
around him. Nor does it .'it all involve the. idea ol “ revolul ions’ 
and eataelysnis ” to believe, fi.»r example, the eaidb to bave 
yradnally cooled down from an iiieandeseenl slate to ils present 
temperature, to ;idmit the jieriodical passage o I t he solar syslem 
lliron^di holter and (‘older reyo'ons, or jo rely on certain oivat 
snccessional .'Uid proyn'ession.'ii movements in nainre for (lie : olin 
lion of some of our pi'olilems, Tliiu'e is only this lo be obsericil, 
lliat our reasonings can neve)' be founded securely on any other 
basis lli.'in lliat of fact, and that Asliere .science cannot arrive at 
a. solution throiiyli the powers and processes of exisline nature, 
it will be little aided by liavino' rccour.s(: to the possibh* .'ind 
plausibli', Ayuiin. wlu'i'c the roia'K seems uiieipial to the result, 
the student should never losi* siyht of the element 'I'l.Miv an ( le- 
nient to wliicli we can set no bounds in the jiast, any more than 
we know of its limit in the future. 

,‘5oJ. ft will be seen Iroin this h:isly indiealion, tli;il lliereare 
two yrcat si'laiols of yeoloyii'a! ('.'lu.sal ion- the one .'iscribiny every 
result to the oi'din.'iry opeivilions of nainre combined with the 
element of unlimited time, the other .‘i[>]iealin;^ to agents lliat 
operated during; tin; earlier eyiochs of the world with oi-ealer in- 
teusily, and also, for the most, part, over wider areas, 'the foriuer 
belief is certainly more in aceordanee witb the spirit "t inNcIit 
philosophy, tliough it must be confessed Ih.at many problems m 
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gcoloi^y socm to find their solution only through the adiiiis.sioii i.,t 
the latter hypothesis. As far as existing evidence goes, pal;n,u- 
tology has established the fact of jirogressional gradations in tlir 
vital economy of the globe, and it may be that more exact invt s- 
tigation may yet establish analogous gradations among its pun ly 
piiysical phenomena. There is nothing unphilosoplii(;al, \vc li.uv 
already said, in the hypotheses (and many facts seem to favour 
the belief) that the earth has gradually cooled down from a slate 
of molten incandescence; that volcanic activity was conse(|iientlv 
more intense and general during earlier epochs than now; that 
during the successive stages of refrigeration the earth enjoycil a 
higher snrface-temiieratnre ; that this higher temjieralure Mas 
accompanii.'d by tropical i)hases of vegetation and vitality; ami 
that on this single idea of })rogrcssi()n may rest the solution (jf 
many of the most importa-nt jirobleins in (Ecology. But then mu 
must again warn the student, that such hypotheses, lioMcvct- 
jilausible, cannot jiossildy be accepted im “true and sullicicut 
causes” till (Jeology has secured more extensive evidence, ami 
learned to put all her facts through, a more rigid course of lun- 
bation. So fir as human ohservj'ition extends, wa have no sulli- 
cieiit evidence, for example, of the gradual refrigeration of the 
globe, of tile secular cimtraction of its mass, of its j)assago tlirongli 
hotter or colder regions of space, of any secular change in its axis 
of rotation, of any rctai-ding medium alfcctiug its orbit round tlio 
sun, of any cornctic iulliiencc deranging the ([uiet steady movciiKiiit 
of its waters, oi\ in fact, any evidence of one of those great rcvuhi- 
tionaiy causes that are occasionally apjiealed to by the gt.s)logical 
theorist. Nor, on tlie other hand, do the existing operations of 
nat ure give tlie least shadow of siip])ort to the belief in alternating 
periods of activity ami violence, of cessation and re])osc— a Indict' 
at one time in fivour among a certain class of geologists, and not 
yet altogether discarded from the popular lecture-room. So fai-as 
the ])resent state of our knowledge enables us to decide (and by 
this alone should the studi.uit ever seek to he guided), the o[)ora- 
tions of nature apjiear to be fixed and uniform Muthiii certain as- 
certainable limits, and beyond these tlierc seems to lie some great 
law of omiiical protji'emon, clearly indicated in tlie geological 
history of the past, and ever rising up befori; us a matter of I'aith, 
blit standing as yet beyond the giusp of exact scientific demon- 
stration. 


SUite of Geological Inquiry. 

352. Having made himself familiar with the operations now 
taking place on the surface of the globe, the geologist proceeds to 
examipo the rock-materials of which it is composed, to describe 
their composition and relative positions, to investigate the remains 
of plants and animals they contain, to ascertain the areas they 
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oooiipy, indicate the conditions and appearance of the 

world 'lui-ing former epoclis, and ultimately tt» arrive at a Icnow- 
]eili/e of the peculiar Floras and Faunas tliat have successively 
peoplf^'^ surface. For this purpose, lie descends into the stra- 
tifieil or accessible crust, and there he linds tido-rippled sandstones 
mast liave formerly spread out as saiuly shores ; conglomi'i-ates 
that formed pebbly beaclies ; shales that were tlu! muddy clays of 
former lakes and estuaries ; limestones that once were living 
eiral-reels ; and coal-beds composed of the nmiains of a bygone 
Vf'A'tation. HiU'c, also, we discover imbedded corals and shells 
;iinl tishos that must have lived in tlie oc.ean ; rtiptiles that 
thronged shallow bays and estuaries ; huge mammalia that 
browsed on river-jdaiiis ; and jdants, some that, lloiirished in the 
sw:iiii[)y jungle, and others that reared their trunks in the ti'opi- 
cal forest. ()f all ibis, thongli mineralised and eonvertcil into 
stone, there is llie clearest and most abundant evidence ; tuid 
rould the geologist map o\it the. mulations of sea, a\ul land from 
the ]U'esent moment, to the earliest t ime of which he ha,s i ra<n;s in 
the rocky crust ; eoidtl he restore the forms of t,he fossil plants 
and animals foiiiid iu the successive strata ; could he imlicate 
their haliits and the climate ami eoiiditions under which they 
grew and lived, Geology woidd have aceomplislied its task, and 
havii done for the past aspi'cis of the world what geograjiliy and 
natural liislory are now <loing, and liave done, for its present 
features. As yet the outline of such a history is faint and iin|)er- 
feet ; but when we reflect liow diilicult it is to trace liack the 
hi, story of the liiiman laice even for a few iliuiisand years, which, 
compaimd M'itb tin; e])oclis of ( leology, are but as the hours of yes- 
terday, the marvel becomes, nut that the outline of geological liis- 
tiiry is so faint, but that its facts a, re so numm’ous ami well ascer- 
tained. The band, moreover, of ardent and (|ualified investigators 
i,s yearly on the increase ; new facts are daily coming in fi-om 
every qiiarter of the globe ; and tlie time, it is Imped, is not, far 
ilisLant wlien tlie geologist shall be enabled to read the liislory of 
the world before man, with as mucli, if not witli greater, certainty 
tliaii Ave can now read the jdiases of human liislory itself, as dis- 
]ilayed in tlie successive develojmients of Niiievitcs and Fgyp- 
tians, of Greeks and Romans, of media-val Goths and modern 
Anglo-Saxons, 

353. Satisfactory, however, as ha.s been tlie progress of geology 
during the last fifty years — liopefiil as are its ]irospeels, it cannot 
he denied, and the student cannot be too deeply im[)ressed with 
the fact, tliat the great tendency of many investigators is to rusli 
at once into generalisation and law witliout tlie nece.ssary data ; 
Avliile others too timorously avoid generalisation, and bewilder 
themselves in a maze of minute and unimportant distinctions. 
We have on the one hand your world-maker and dovelojiist con- 
fidently constructing the world, and popling it to his own satis- 
faction, upon the slenderest basis of fact, but the broadest of 
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niisii|ipf>rt{'(l nssnmptioji ; mid on tlif; otlior hand, ^-onr niicii^ 
.s(*o|>i(‘ (-icI. ohscrvcr and spocics-inakor, unalile aj)|iai'eiitlv i i 
(•f)iii|ircheiid tlio oonncalion of Avlint lie ohseiTcs— dii^oiilViii'i M ith 
tlu; iiaiiu' of “sclenc(-“” a Avildiirncss of little discoveries and unim- 
])m(;iiit distiiietions. 'I'lie one, shirkiii<f the Inlioiir of ohsei'v:if imi. 
would (‘oiistruet a woivM Avilliout the necessary nialci'ial : ili.' 
otlier, niiahlc to eoinpn'hend the value of law, jduines liiiusclt i-n 
Ills tact io technalisiiej-, it may he, the tail of a trilehitc, Al! 
Jioiiour to the jiatient investigator of facts, for without facts uv 
can never 1 ia.ve leyntiinatc de<hictlons- all reverence f )i- the mind 
tliat lioneslly strives to arrive; at the true expression ofa law. for 
witlionl law nature’s facts a[ipear hut an unintelliyihle ne df v, 
witliout plan or arrangement. AVhat we would [^uaril the stndi iii 
ayainst, is the ])roti(‘ne.ss to rush into extremes tlie tendciii'y 
that has ]a‘C(‘ntly heen exhihited in quarters from whi;li hi tter 
things might have heen expected— to tligiiify mere ohservatioii 
with the name of geological sci(;nee ; .and the cra\'ing foj' notoi ii ly 
that im])cls to “ theories of tin; unive'rsc,” which do x iolencc lo 
fud, and retard tin' progress of right invest igation. As nn iv 
hypothesis can ni'Verconstitule Law.so a men; collection (»f facts, 
Inovever numerous, can Jie\cr he regarded as the nltimati; ohjee! 

and scope of a True geo|o;.:'y h.as a, ditferent aim hi tiev 

it; its cultivators a, ditferent function to ]icrform. And the in- 
teresting jirohlems it has already sidved— the expanded view it 
has givi'ii ns of creation- and tlie wondrous variety and coiii- 
plexity of extinct life it has n-vcalcd, take I'ank already ainoiw 
the esiahlishcd Indiefs ofhuman reason, as the proudest trinniple 
of correct ohservation and inductive jihilosophy. 

Sys t r 1 1 1 a t if r ra 1 1 gel n 0 11 1 s. 

dd-h 'fhe exjionents of geological history, we h.ave said, arc the 
rocky strata, of the glohe. ami these, after diligent reseatadi ia 
many and distant regions, have heen arranged into gianips and 
systems, e;ich set occurring ahove anothe.r in point of time being 
spread o\’er certain ai’eas, marked hy some ]teculiarity of eoin])"- 
silioii, .and characterised hy the remains of cert.'iin jilants and 
anim.als not found in any ofln'r .series of strata. In fine, cacli 
group ;nid .system is the cxjionent of ;i certain ])eriod of time, .and 
of the opi'rat ions that took ])l;ice during that pieriod in the .arc.i 
where tlie stratified group nr .system occurs. In arranging these 
groups, the earlii'r geologist. s were guided more hy minei-al th.an 
hy fo.ssil distinctioms ; hence such a tahulation as the follow- 
ing : - 

Allnvinin, t 

l>iluviiun, h . . , . TnUTlAUV. 

London el.-iy, j 
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Chalk, ^ 

Oolito, I 

New red sandstone, V 
Coal measures, 

Old red siuidstono, j 

Greywacko. 

Mica schist., ami f^noiss, [ 
Granite and |ior]iliyry, j 


Secondahv. 


Transition. 

riUMAUY. 


Such an arrancjeiiiCTit tidls little more tluiu the ])revailii)" com- 
positiouof tli(‘ rocks and tlieir onlcr of succession. Croiii iheir 
structure tifid texture, their relative Ihiekiiess, their repeated 
laminations, and so torth, we iniolit form souk; idea of the physi- 
cal aoeneies eoncerned in their aggreifation, and of the length of 
time required for tlieir depo.sition. I'liis, however, would lie ;dl ; 
and ni>t till we had examined the remains of ])lants and animaks 
imbedded in (he .strata, could we tell whether these had hi'cn de- 
posited in hikes, or estuaries, or se.as ; could we say whether the 
climate of the region had heen arctic, t.emper.atc, or ti‘o]tiea.l ; 
could we deiiiet the succes.siv(‘ ]dia.ses of (he vegetabhi ami animal 
life that jieopled the globe ; or couM we |>ronounceon the various 
mutations whieh that vitality had undergone during the long 
progression of ages, so clearly indicated by the systems of the 
geohygii^t. Tin; moment, liowi^vau’, that the paI:contology was 
grafted on the lithology of the strati (it'd systems, the science 
;issumed a new interest, and geologists Itecame more anxiims to 
trace the successive pha.ses of vitality, than to lie curious about 
mere mineral and fihysicnl distinctions. l.Toceeding upeii this 
idea, the various rocks, from (he sands and gravels scattcixMl on 
the surface down to the deepest-seated strata., may he arranged 
iu groups and systems and life-periods as follows : — 


Groups. 


Siidnns. 


Cretaceous. 


Dcix.sits iu i.rogro.ss, f post-Tertiary. 
lluccllt, ... 1 

Plelstoccno, 

Pliocene, 

M iocone, 

Eocene, . 

Chalk, . 

Greensand, 

Weal.len, 

Oolito, . 

Lias, 

Saliferous marls, . 

Musclielkalk, 

Upper now red sand- 
stone, . 

Magnesian limestone, "j 
Lower new red sand- k 
stone, . . ) 


;} 


Oolitic, 


Tbiassic. 


Permian. 


i'f/vod.'f. 


CAINOZOIC. 
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Groups. 

Coal-inoa.surcs, . X 
Mill.stono {^rit, . | 

Mountain limestone, j 
Lower coal-nioasurcs, J 

Sysiertis. 

.CARBONirEROU.S. 

Yellow sandstones, ] 
Ked sand.stones and 
con^lornerato.s, . | 

Devonian lime.stoncs 
.and schists, 

Fis.sile (lags and tile* | 

stones, . . ^ 

Devoman. 

1 

bppor Hiluri.an, . I 

Lower Silurian, . 
Canduiaii (f) . J 

!>• SlLURlAX. 

(’lay slate, , , x 

1 7 

Mica schist, . . | 

Gnei.ssand granitoid j 
sc 1 lists, . . J 

S MeTAMoRI’IIIC, j 


Periods. 


PALAEOZOIC*. 


IlYPOZOIC. 


1 



35.7. Ill oacli of tlie.sc prr,)u])s and sy.steras, as was si'dii wliilt- 
n a ing t itin in detail, iliere are eortain jilants and animals imt 
occMiTi.ig u, any Otlic- Ki'nii). «i- system- the niuse c.f iliiromioe 
lieiiif. less hehveen the (Jninps (han Ihe Systems, an.l l.eiiis still 
mniv marke.l in the IVi'iwls and Cycles. I'roeeedinj. nix.u this 
act. it has Wn attempted to cxhiliit the pro^^ress of the world 
hy vital ^rradalioim alone, -disn'^irardiiir,^ altogether the mineral 
ami meehanieal eoiulitioiis of the roek.s in wliieh they oeeiir. 
1 liere is an evident error in thi.s, however, as the object of the 
geoOirist IS to unlold not merely the develojmient of lif(> hnt the 
past physical and geor,o‘aj)hieal phases of the ^riobe ; ami this, not 
a one in still serenity ot sea and land, and pcopleil with certain 
races of plants and animals, but in a state of busy aetivit y and 
e lanoe, and subjected to all tho.se ci'asele.ss a,<^encies that tlemvule 
and reconstruct the mineral material of which it is composed'. It 
IS )t Cl, lerofore, tor the young geologist to accustom himself 
to associate the rocks with the fo.ssils they imbed -to combine, 
lor example, the .sihirian .strata with their triiobite.s and linguke and 
cystidea-, rather than siieak of a “trilobitiau epoch,” to the suh- 
(mlination ot other race.s, which may be quite as characteristic of 
tin' system, though not occurring in the same numerical abun- 
aance. 

dot). It IS ncedles.s, we presume, again to warn the student 
against tlie error ot attaching to the.se “groups ” and “systems” 
and •periods” u, value that doe.s not pwperly belong to them. 
It IS true tor examnie, that the//cwmy^ fhem of the plants and 
aiumals that liv.-dl during the Silurian epoch ditfei's considerably 
from the lacies of the .Devonian flora and fauna, but it is not true 
that the strata we call Silurian imbed a system of life altogether 
( istiuct and ditferent from that imbedded in the .strata we term 
JJevouiau. The group.s and .systems and periods of the geologist 
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must be received as mere provisional expedients towards the elu- 
ddatioii of his science ; and we sin against nature tlie moment 
we attempt to set them up as tlie exponents of what some are in 
the habit of styling “ independent creations.” Oeology cannot 
point its finger to a single break in the great evolntion of vitality, 
jiny more than it can ])oint to a moment’s cess.‘ition in the pliysi- 
cal o|)crations of nature, from the deposition of the lirst-formed 
strata to the layer of mud left along shore by the last receding 
tj(l('. The whole of our groups and systems are merely successive 
stages in one great system or Cosmos the minor stages iniper- 
oeptibly graduating into eacli otlier, and the amount of progress 
hecoming apparent only after the lapse of ages. 'J'hese ])rogres- 
donal stages constitute, in fact, our “systems” and “periods 
and if in one region tliere sliould appear to l)e a sudden break l)c- 
tween tluiTu, let the student ever remember tliatthe (h^ficiency is 
siip))lied by some other district - in otlier words, let him remem- 
ber that the oscillations of sea and land, of elevation and dcyires- 
don, and other physical changes of condition, are siithcient to 
account tor local breaks in Life, but that there is no foundat ion 
whatever for the belief in “general extinctions,” and conse(|uently 
“iKiW general creations.” So far as the few thousand veal’s 
of man’s jiersonal ohservation extends, tlie current ejKxli is as 
mutable as any of the epochs (bat [U'cceilcd, ami yet so gradually 
have its extinctions and creations taken jilace, that science can 
scarcely corroborate the one, and lias as yet failed to detect the 
oilier. The systems of the geologist are tlierCbrii mere concatena- 
tions of events indicative of certain periods of time; and as na- 
ture never repeals herself, each jieriod, when taken at sulliciently 
distant intervals, is characterised hy so//?c pieciiliar forms of vita- 
lity, tlie while that \\9, (jt'nn'id life nuTges im])erc(‘ptibly into that 
of the e])och that follows, just as it wius inseparably interwoven 
'vith that which preceded. 


I'll core tical Deductions. 

357. By a study of the sy.stems and periods of the geologist, we 
arrive, if not at a compilete liistory of the glolie, at all events at 
a<jme of tlie main features and conchi.sioiis of sucli a record. And, 
\st of all, we arrive at tlie fact, that in all times past the same 
bind of ageiieies operated on and modified the rock-m:i,terials of 
tlie globe. That then, as now, sands and saiidftones, gravels and 
conglomerates, silts and shales, vegetalde drift and animal debris, 
Were accmnnlated and consolidated jirecisely in the same way, 
and by similar agencies. How far these agents acted with 
greater intensity during former epoclis, or were subject to 
alternating periods of violence and repose, lias been already 
considered. 

2(/, That then, as now, the world had its oceans and continents, 
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its seas and islands, its lakes and rivers and estuaries, its valleys 
and plains and liills— the one bein^^ wasted and worn down, the 
other forming basins of reception for the transportcal material. 
With regard to the areas and successive distributions of these, 
the strati tifid formations afford us some idea, tliough repealed 
upheavals and depressions render the ma])ping out of these a iieieiit 
seas and lands a difficult, if not an impossible, tmsk. All that we 
can arrive at is a mere approximation ; but vague as tliis approxi- 
mation may be, it is suilicient to confute the hypothesis entei-- 
tained by some geologists of an all but “universal ocean ” at any 
epoch of the earth’s history, and to establish the fact that conti- 
nents and islands, seas, gulfs, and estuaries, of various diniensiniis, 
and variously distributed, existed throughout all time, as they do 
now. It is true, we can note the increments of existing continents, 
and point to a time when they rose as mere shallow shoals and 
clusters of islands ; but we cannot trace the dimensions of the con- 
tinents now submerged l>eneath the ocean, nor trace t heeum'se of 
the rivm's that bore from their hilts and plains the sediments 
that Avent to form the increments in (juestioii. Tin; idea of “ seas 
of unfathomable depth” as ap])licable to any period of the earth’s 
history more than another, is also untenable- littoral conglome- 
rates ami sandstones, shallow shell-beds, and deeper (‘oral-growths 
being common to ev(;ry formation, from the Silurian up to the 
latest rost-tertiary. 

3f7, That then, as now, while certain ri'gioiis enjoyed (luiescence 
and r('p(.>se, others were upheaved and convulsed by igneons com- 
motion ; but we have as yet no certain proofi, though many facts 
seem to favour the belief, that igneous inanifestations were either 
more general or more fre<.juent during the earlier epochs ol’ the 
world. Could we establish the fact of the earth being cooled 
down from a state of molten ineandes(?once to its })resent tt'inpcra- 
tnre, the greater intensity of igneous action during earlier ('I'ris 
wcMild form jtart and j)arcel of the ])roblcm. As it is, we can 
only admit tlie ])robability of such conditions, and look to ihc 
most gigantic hill-ranges as the growth of ages— the tertiary 
manifestat ions of the Alps outrivalling in grandeur and altitude 
the ju'imeval ridges of the T)ofrafelds or (Iranipiaus, 

4/A, That then, jis now, the earth was enveloped by an atmns- 
pbere, bad its clouds and rains, its simshine and show'crs, liad its 
seasons of growth and periods of repose ; and tliough many facts 
seem to favour the idea of a uniform and eijuable climate all over 
the globe duringtthe earlier epochs, and it may be even some 
slight ebauge in the composition of the atmosphere, geology has 
yet no direct proof to offer, and must content itself by merely 
admitting the probability of such conditions and contingencies. 
The areas in which the plants of the coal period flourished must 
hav.e en joyed a mean temperature, it is calculated, of at least 22 
Reaumur, and the mean temperature of the globe is uow from 
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1*2^ to IG'’ less ; but it is far from beinfr proved that the coal jdants 
llouiished luiiversally, while, on the other hand, there is reason to 
suspect the agency of poriodicjil ice so early as the fonnation of 
the Old Ked conglomerates and the breccias of the rermian, and 
we know for cerkdn that the conifera; of the lias anti oobde ex- 
hibit in their concentric layers tlu; elfects of genial anti iingenial 
seasons t d‘ growth. 

rg/t, Thattluring all epochs, as at present, the earth and waters 
were teiiaiitt.'d by various families of plants anti animals, distributed 
by the laws which now regulate their e.xistiiig|)rovinces, and tltted 
to perform analogous functions in the economy of nataire. It is 
true that as we descend ijito the rocky crust, we arrive at a stage 
(the metamorphic strata) where ])la.nl,s and animals do not seem 
to have existed ; but on this point the evidctice is merely nega- 
tive, and geology cannot say with certainty that life was not co- 
('val with the globe itself, though the presumption is, that ]ilaid,s 
and animals were not called into existence till about the dav\n of 
the Camliria era. At whatever stage the first creation of plants 
and animals took jilacc, one typo and plan of being has (wm- rim 
throughout the whole ; analogous functions havti had to be ]U‘r- 
formed ; and the various l)iologi(‘al jn-ovinces have been jieojiled, 
]iartly by identical, and partly by re|)rescntntive sjx'cies, 

Gf//, The origin of life necessarily implies the Jitness of the 
globe for its snstenanee, and on this point the geologist is com- 
pelled to entertain the hypothesis, wliether the globe lias not 
gradually cooled down from a stab- of molten iiicandeseenee to its 
present tem])erature. On this liead it must be admittiid that 
scioneo is deficient in direct iwidenco, though tin: facts aildueed 
ill Cliapter 11. go far to sustain the belief of siicli a gradual refri- 
geration, and the couseipicnt introduction of life at the stage 
compatible wdth its existence. If such has been the case, tlie 
internal heat must have been felt more sensibly at the surface 
tlian now, and hence a more equable and uniform climate all over 
the globe, and hence also a greater uniformity among the jilants 
uud animals then ])eopling its surface. It hy no means follows, 
however, that uniformity of climate should he accom|»aiiied by 
identity of species ; on the contrary, while it is admitted th.at a 
general facies pervades the llora and lauua of trojiieal America, 
tropical vVfrica,, and tropical India, tlie species are there quite as 
distinct and peculiar as they are in liiological provinces the 
most distant and climatologically different. 

Ith, As each system is characterised by its own peculiar ])lant3 
and aniinals, the question naturally arises whether the,se are inde- 
pendent creations, nr whether there is in nature some law of de- 
velopment by which, during the lapse of ages, and under cliango 
of physical condition, the lower may not be developed into higher 
species, ami the simpler into the more comj)lex. On this topic 
much has been said and written, but, after all, geology is not in a 
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position to solve the problem of vitiil gradation and progress. It 
cannot tell, for example, why trilobites shouM have Honrishod so 
profusely during the siluriau epoch, and have died out before tlie 
deposition of the oolite; why chambered cephalopods should have 
culminated, as it were, during the liassic era, reptilian life during 
the oolite and chalk, or why mammalian dcvclojmient shoulil 
have been reserved to the tertiary and current epochs. All that 
it can assert, and assert with some degree of confidence, is, tliat 
while the higher races seem to have followed the lower in point 
of time, there is no evidence that the higher ty|)es of an ordci' 
always succeeded the lower ; on the contrary, many of the earlii r 
mollusca, crustaceans, and fishes, were of more conijdex or- 
ganisation than those of the same orders now peo})ling existing 
waters. 

8th, The study of life, j)al;contologically regard(!d, necessarily 
involves the creation and first a))pearanco of IVIan on the glol)o ; 
and on this subject much discu-ssion has taken ])la,ce, un])rotitahl(! 
alike to science and to the cause of Chi’istian theology. So far as 
geologica.1 evidence goes, we have no tnice of man or of his works 
till we arrive at the Superficial Accumulations— tlu! coral-conglo- 
meratt!S, the iMnie-brecrhis, the cave-deposits, and the jieat-niosscs 
— of the current epoch. It is true, that so far as the earlier for- 
mations are concerned, the evidence is })urely negative ; hnl 
taking into account all that paheontology hits revealed touching 
the otlier families of animated nature, the fair })rcsumption is 
that j\[an was not called into being till the eonimeneemeiit of the 
current geological ei-a, and .about the time when in the northern 
hemisphere tiie sea aiid land received their pi'e.sent configuration, 
and w'ere peopled by those geneni and species which (with a few 
local removals and still fewer extinction.s) yet adorn their forests 
and inh.abit their land and waters. 

[)fh, Wh.atever m.ay have been the creation.al development ol 
plants and .anini.als, the groii|)s and systems of geology atl'ord irre- 
iVagil)h! evidence of the lapse of vjist o|)oehs and cycles of tiinc. 
The idea of immeasurable duration is at once suggested by ;tii 
examination of tlie .stratified rock.s,— their iniiumei-able alterna- 
tions, their tliiekiiess, their re j)ea ted laminations, the alternation 
of marine with fresh-water beds, their upheaval into diy land aiul 
substMpient suhmergenee again and again, the various races that 
h.ave livt'd and grown and been entombed in tbcni, system after 
system, —all this, and much more tli.at will readily suggest itself to 
the student, must couviuco him beyond doubt of the almost incon- 
ceivable duration of geological tin)(“. To .attemjd to coinput o this 
time hy years and centuries i.s altogether futile ; we can only faintly 
indicate its vastne.sshy the u.se of indefinite terms, as “eras” and 
“ epochs,” “ cycles ” and “ systems.” ]\I.any ingeiiions calculations 
have, no doubt, been made to approximate the dates of certain 
geological events, but these, it must be confcs.sed, are more amusing 
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than instructive. For example, so many inches of silt are yearly 
laid down in the delta of tlie Mi.ssissi]>pi — liow many centuries Avill 
it have taken to aecnmulato a thickness of dO, OO, or UK) feet? 
Again, the ledges of Niagara are wasting at the rate of so many 
feet per century— how many years must the river have taken to 
cut its way hack from Queenstown to the present Falls I Again, 
lavas and melted basalts cool, according to the size of the mass, at 
the rate of so many degrees in a given time— haw imuiy millions 
of years must have elapsed, supposing an original igneous condition 
of the earth, before its crust had attained a state of solidity ! or 
further, before its suri’aco had cooled down to the })resent mean 
temperature ! For these and similar comj)utations, the sludent 
will at once perceive we want tlie necessary iiniformity of factor ; 
and until we can bring elements of calculation as exact as those of 
astronomy to bear on geological chronology, it will ))e better to 
regard our “eras” and “e]>ochs” and “systems” as so many 
terms, indefinite in tlnur duration, but sullicient for the magni- 
tude ol’the operations embraced within their limits. 

10!//, On the whole, these groups ami systems of the geologist 
-imperfectly interpreted as they yet undoul>te,<lly are.— presc-nt 
a long series of mineral mutations, and of vital gradidion and 
jirogress. Not progress from imperfect ion to jierfectioi), but from 
humbler to mon; highly organised orders, as if the great, design 
of Nature had been to .ascend from the simpler conception of 
maicrkdlsm to the liigher aims of mechanical comhinatioii, from 
mechnii, ism to the suhtlerelimiuatiimof inind,a.nd fi-(un iiu^nldlisni 
to the still nobler attribute of wo/vr/rs///, .as dovclop(‘d alone in the 
intellect and soul of man. From the lowly .sea- weeds of tlii^ 
Silurian strata and marsh-plants of the old red sandstuiie, we 
rise (speaking in general terms) to the prolific cinh-niosses, reeds, 
ferns, and gigantic ciidogcns of tin; coal-mcastircs ; from tln‘se to 
the palms, cycads, and jiincs of the oolit(' ; and from these again 
to the exogens or true timber-lrecs of the tertiary and eiirrmit 
er.as. So also in the animal kingdom : the, graptolites and trilo- 
bites of the Silurian seas arc sncceedeil liy the higher Crustacea 
.and hone-clad fishes of the old red s,andsiitnc ; tliesi; by the sau- 
roid tishes of the co.al -measures ; thesauroid fishes by the gigantic 
s.anrians and reptiles of the oolite ; the reptiles of the oolKi; by 
the huge mammalia of the tertiary epoeli ; and these in time give 
place to existing species, with Man .as tlie crowning form of cre- 
ated existence. This idea of gradation implies not only an 
onward change among the rock-m.aterials of the earth, Imt .also, 
as plants and .anim.als are influenced in their forms and distribu- 
tions by external causes, new phases and arr.angemcnts f)f vitality 
— the creat ion of new species, and the dropping out of others from 
tlie great scheme of animated nature. And such is the fact even 
with respect to tlie current era. The miistodoii, m.amrnoth, and 
other huge p.achydcrms that lived from the tertiary into tlie 
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luodorii opocli have long since become extinct, leaving theii' 
bones in the silts and sands of our valleys. The elk, urns, bc'ur, 
wild-boar, wolf, and beaver are now extinct in Britain ; ainl wliat 
takes place in insular districts must also occur, though niorc 
slowly, in continental regions. The dodo of the Mauritius, ami 
the dinornis of New Zealand, are now inattei*s of history; and 
the same causes that led to the extinction of these, seem liurry- 
ing onward to the obliteration of the beaver, ostrich, clepliant, 
kangaroo, and other animals whose circumscribed provinces arc 
gradmilly being broken in upon by new conditions. Such facts as 
these, taken in connection with the physical changes that arc 
contiiiually taking place on the surface of the globe, necessarily 
lead to speculations as to the conditions ami phases of the Future. 
.Tlespccting these, however, it were in vain to offer even the 
widest conjecture. Subjected as our planet is to the numerous 
modifying causes already described, W'e know that vast chaiigi‘s 
arc now in progres.s. and that the present aspect of naturt! will 
not be the same as Riose she must assume in the eras that arc to 
follow. But what may be the nature and amount of these changes, 
what the new conditions brought about by them, or wind the 
races of plants and animals adaj)ted to these conditions, science 
has yet no availabh; means of determining. This only the philo- 
sophical mind rests assured of, that, bo the future vicissitudes of 
the globe wdiat they may, they will contiimo to be the harnioni* 
ons Hisults of Tiaw and of Order ; and that, as throughout the 
whole of the ])fist, so throughout the wdiohs of the future, the great 
CUSMICAT. DESIGN which geology now l‘dx>urs to reve,al, will he 
steadily upheld by the Omniscient omnipotence of Him “with 
whom is no variableness, neither shadow of turning.” 

358. From the gmicralisations attempted in the |)reccdingpara- 
gi’apli, the student cannot fiiil to perceive the imperfect but pr(j- 
gressive state of his science- to discover how much has been done, 
but how much more remains to he aeeoiuplished. To this (lesiral)le 
oViject he will best contribute by diligently collecting new facts, 
and rigidly observing the rules ol‘ correct induction. There is 
little to be gaine<l by indulging in surmise and liyiwtbeses, how- 
ever curious and ingenious, unless they are based on fact and ob- 
servation. So founded, they in, ay lead in time to a correct theory 
of the earth, and such a theory is the legitimate end of all geolo- 
gical inquiry. The curious in these mattei-s may readily indulge 
their curiosity by such Thfories of Creation as those of Wood- 
ward, Wliiston, Burnet, Butfon, Cuvier, and many others of 
lesser note. On the subject of vital development, the student 
may refer to the w'ritings of Lamarck ; Vedi(jes of the Natural 
Hist or// of Creation; Ilngh Miller’s Footprints of Creation, and 
to many able |)apers on the subject in the Kdinhur/jh and North 
British lieviews, in BiUiman's Journal, and other periodicals 
called forth by the appearance of the Vesti/jes in 1848, and attri- 
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billed to the pens of Professor Sedgwick, Sir David Brewslei-, 
Professor ilitcncoek, and otliers. On tlie general state of geolo- 
gical theory, the student will lindiinjiortant hints in the MmiiKiL^ 
of Pliillips and Lyell, in Do La Peche’s Thron tinil and 

in the Theordiml l\<^mnrlt(-s of Professor Ihscholf of Jtonn. On 
the whole, and we again repeat it, he will he hotter employed 
in dealing with fact and description, and avoiding hypotheses 
and speculation, for which the state of the science is yet but 
very slenderly prepared. 



F.CONOMIC ASPECTS OK THE SCIENCE— JIETJIODS Oi'’ PEAC’ITCAL 
PIIOCEIJIJIIE. 


35!). Like otiior brandies of natural liistnry, Geology lias its 
f’connmic as well as its acintUp'r aspects, lii a theoretie.al or 
juirely scientific point of view, we have .seen the higli inteliccfiial 
aim and universal interest of its problems ; in a practical sense, 
its iin[)ortauce is not less immediate to civilised nations, whose 
progress, wealth, and comfort de^umd so largidy on a kiiowlcdgi.' 
of those minerals and metals, without which j)erfection in the 
arts and manufactures would be altogether unattainable. In the 
]>rescnt chajiter we shall, therefore, indicate to the student the 
main practical bearings of the science, leaving him to gather from 
works on Mining, Jhigincering, Metallurgy, 7\rdiiteclure, and 
j\gricuUure all that relates to the application of its industrial 
and commercial details. Throughout the work we have adverted 
to (he economic products derived from the respective systems, 
more Avitli a view to familiarise the student with their litliology, 
than to inculcate les.sons on jiractical geology ; yet, slight as our 
indications have been, enough has been given to show how vast 
and valuable the substances derived from the crust of the 
earth, and how varictl their ajiplicat ions in the industry of civi- 
lised nations. While it is desirable, therefore, that every edu- 
cated mind should possess some ac(piaintanco with the leading 
facts of the science, a knowledge of its priiiciples becomes indis- 
Tauisable to the miner, the engineer, the builder, the farmer and 
land-valuator, the landscape-gardener, the artist, and the geo- 
grapher, on whom we rely for correct and available descriptions 
of foreign and unknown laud.s. It is necessajy, however, to draw 
a clear line of distinction between the duties of the practical or 
consulting geologist, aud those, for example, of the miner, the 
engineer, or builder. The one collects facts, aud establishes there- 
from certain generalisations ; the others merely avail themselves 
of these generalisations, and apply them to their own special ro- 
ipiii-ements. As the sailor navigates his vessel by the data of the 
mathematician and astronomer, without holding them res])onsih]e 
for the mischances of shipwreck, so ought the miner and engineer 
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to found their plans on the conclusions of the geolo^dst, without 
involving his science in the blunders or failures of tlieir execu- 
tion. 


Miiiin^—Engineerin"— Building. 

3(!0. Deriving all our mineral ami metallic treasures— our coal 
and iron, our gems and precious mebals — from the crust of the 
earth, it is of vast utility to be able to discriminate between 
mineral substances, to determine in what formations tliey o('cur, 
and to say wbere they .are or .are not to be found. The viiiur 
cannot proceed a step in safety without the gni<lancc of mineral- 
ogy and geology ; and though mining existed long Ijcfoia; the 
truths of science assumed a technical aspect, yet do it s operations 
proceed with ceriainty .and jmecision otdy in pro])orti"n to the 
advancement of scientific generalis.ation. d’he operations ot the 
miner come under tliree gr.and categoric's - aiggiiig in sni»erlici!d 
clays and gravels, like the stanniferous debris ot Cornwall and 
the auriferous deposits of Califbriiia and Australia; mining in 
str.atified formations, .as for coal and ironstone ; or lollowiiigatter 
those metalliferous veins that trav<u'se the crust in vertical and 
highly-inclined directions, K.ach of these three positions nspiires 
from tlic miniiig-eugineer ditfereiit appli.ances and dilb'rent ope- 
rations, and this is his special vocation ; hut their positions, their 
modes of occurrence, their continuity .ami pei*sistencv, and the 
circumstanecs connected with their origin wliich may influenee 
one or all of these, are matters tli.at Ixilong to eorrc'ct geological 
deduction. Having determined, for ex.-unple, the age of certain 
mountain ranges, the geologist c.an predict whether tlie river- 
drift, wliich in course of time has Ixien borne from their clitfsand 
ridges, is .auriferous or barren ; luiving examimsl a few fossil stems 
and le.aves of ;i coal district, lie can tell with unerring certainty 
whether it belongs to the carboniferous, the (wilitic, or cretaceous 
epoch, and so predicate .as to the extent, persistency, and value 
of its coal-beds ; or h.aving^ ;iscertained the diia'ctions of the lead- 
ing lodes and cross-veins in any meballiterous district, and their 
relative .anti<iuities, lie e<an arrive at a jiret.ty .acennite estimate of 
their richness and value. Without this geological knowledge, 
square miles of gr.avel h.ave been turned over without discovering 
a single nugget ; .and thousands have been spent in the fruitless 
search for cnal where eo.al w.as never deposited. To the noii- 
geological miuer a red s.andstone is a red sandstone and nothing 
more”; but whether above or beneatli the coal he is in se.areh of, 
he cannot tell. To the geologist, on the other hand, the he,a<l of 
a cephaldfipis, or the scale of a holopti/chhijf, decides the question, 
and the “ red sandstone” becomes pregnant with hojie, or holds 
out the warning to proceed no. farther in fruitless explorations. 
Besides determining the position in which coal, ironstone, and 
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otlier useful strata occur, geology can direct the miuer, through 
all those obstructions occasioned by faults, dykes, slips, and the 
like ; for even these, irregular as they seem, bear certain evidence 
of their direction- upthrow or downthrow -which the exjieri- 
eiieed eye can readily detect. As with the initierals of coniiuiu cc 
that occur in Ktrtitti, so to a certain extent with the ores of lead, 
copper, tin, silver, and gold, which are I'ound in vtiin^ and 
/o(/c.s'. 'J'hese veins follow certain courses in relation to tlin 
great axis of elevation with which they are associated, arc 
interrujtted by cross dykes and veins, are thrown up or down by 
dislocations— all of which an experienced geologist can deteniiiiic 
and lay down on his map, so as to save much fruitless waste of 
labour and capital, or, what is often as necessary, to prevent uij- 
{U'inciplcd gambling and ruinous H])eculation. 

301. The im|)ortance of geological kuovvleilge to the cici/- 
enijinm'—io the constructor of roads, railways, and canals, the 
excavator of tunnels, and the sinker of wells- is so obvious, tliat 
the fact re(|uires little illustration. Possessed of a carefully con- 
structed lithological map, on which are delineated the various 
kinds of strata, their dip, strike, and otlier particulars, the en- 
gineer wlio can read these facts aright has a surer guide tlian the 
scanty luid scattered data of Ids own boring-rod. He sees at 
once the nature of the rocks througli which his work has to jiass 
— whetlier road, ivailway, or cana.l ; can estimate with oej’tainty 
the expense of eonstruetioii, and avail himself of minerals whit'h 
he knows must lie in the vicinity ; wlule one ignorant of gisilo- 
gical truths would blindly pass by such advantages. In lixing a 
line of road or railway, the geological engineer will avail himself 
not only of facilities for present construction, hut calculate, from 
his lithological knowledge of the district, for the future beuetit of 
tlio.se concerned in ilie undertaking. In the case of canals, more- 
over, where retention of water is indisjiensalile, the geologist o.'iii 
etfectnaJly aid in the selection of a route, by attending to the na- 
ture and dip of tlio strata, and to the fractures and dislocations 
to which they have been sulijocted. lie is enabled, from his 
knowledge of the rocks and their positions, not only to prevent 
waste of water, but (o select a route where fresh supplies can be 
readily obtained from bekiw. As with roads and amals, so with 
tunnels, docks. Artesian wells, supply of water for towns, and 
other iimlertakings commonly in tru-sted to the civil-engineer. It 
is true that such works may often be satisfactorily enough com- 
pleted without the aid of geology, hut undoubtedly a knowhslge 
of its deductions will materially assist, by conferring a certainty 
and security on wliat would otherwise be a mere patchwork of 
trial and error. We have seen, for instance, a tunnel carried 
through the wet and highly-inclined strata of a liill where every 
foot had to ho arched with brick or stone, while the deviation of 
a few Imndred yards would have carried the same througli rook- 
nias.ses, where not an inch of building would have been necessary. 
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In if^norance of tlie limits of a coal-field, we have seen a railway 
carried along the outskirts, to whicli every coal proprietor has to 
lay down miles of tram-way, more than the half of whicli would 
have been saved had the engineer had the necessary knowledge 
to have adopted a central course. The strata of the London, 
Hampshire, and Paris basins are now so well known to geology, 
that Artesian W'ells can be sunk with certainty to this or that 
stratum ; and so with every other district whose strata have been 
mapped and generalised by the geologist. Again, in dei'iding 
u])on the collecting-field for the water-supply of large towns, a 
knowledge of the rocks of the area is indispensable, so tliat 
deleterious mineral ingnalients may be avoided, new lines of 
springs tapped, and ’waste by subterranean lissures and faults 
prevented. 

302. ddie huiJdar and (ircJiiUct may also derive important as- 
sistance from the geologist, both a.s reg;irds the durability of cer- 
tain rocks, their position, and tiny facility with whicli they may 
be olitained. By observing the ell’ects of the W'eather on strata 
exposed in cliiVs and other natur.al sections, the geologist, can 
readily pronounce as to their durability; while, aided hy the 
.analyses of the ehemi.st, .and exjieriments on their pow'er of resist- 
ing pressure, the tiicility with which they absorb moisture, their 
(ju.ality of hardening on ex])osure to the air, and .so forth, he can 
also determine their fitness for any |)articular structure. The 
amount of w.aste shown by the various stones in old ecclesi.astical 
and baronial buildings is another safe and valiil test ; and it, is 
the travelh-d geologist— the man who knows the rocks of a dis- 
trict, and not the mere buihler -who c.an point to the locality, 
nay, to the very stratum, whence the stones of the buildings w’ere 
(piarried. In Britain, we have a great variety of building-stone, 
as tlie Bath and Portland oolites, the m.arhle.s of Devonsliii'e, the 
magnesian lime.stones of Derby, York, and Durham, the new red 
sjuidstones of Liverpool and Carlisle, the carboniferous .sandstones 
of Newcastle, Glasgow^, and Edinburgh, the old red sandstones of 
Forfar, the granites of Aberdeen, and the basalts and ])orpliyrie.s 
of numerous localities, hlach of those has its peculiar ( juality of 
weight, liardness, strength, colour, facility of dressing, clieajmess, 
and so forth ; and while the.se are in.atters for the builder and 
engineer to test and deciile, still there are many jioint.s on 
whicli the advice of the geologist may be taken with obvioms 
advantage. 


Agriculture— Landscape-Gardening— Painting. 

3G3. The assistance which geology is calculated to confer on the 
science of AtjricuUure, though somewhat overrated at one time, is 
certainly among the most obvious of its practical features. All 
fertile soils consist of two classes of ingredients— organic and 
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iiiorgaiilc ; the former derived from the decomposition of vegohahlc 
and animal matter, the latter from the disintegration of tlie sub- 
soil or of the subjacent rock-masses. Without a certain propor- 
tion of organic matter no soil can be fertile, hence the continuous 
application of animal and vegetable manures ; but it is equally 
true that Avithont a due admixture of inorganic or mineral com- 
pounds all attempts at its permanent improvement Avill be fruit- 
less. i\ll the mineral elements essential to fertility may not 
exist in the soil of a particular locality ; but the moment that 
chemical analysis has indicated the deficiency, the farmer can 
readily obtain the required ingredient from some other district, 
or it may be from the subsoil of his own fields, and so effect the 
permanent improvement in question. To do this, however, he 
re(|uires to know not only Ibe chemical composition ol' rocks ;ind 
soils, but the j)recise spots tliey occupy ; in other words, he must 
be familiar with the language and delineations of a geological map 
of his own district, and know the lithological peculiarities of the 
respective formations. We have already stated (})ar. 60!)) that for 
agricultui'al })urposes two sets of maps are necessary- one oxhibib 
ing the nature and area of the superficial accumulations, and 
another devoted, jia usual, to the rock-formations that lie below. 
Aided by such )>elps, and sufhciently acquainted with tlie scicuice 
to be abhi to take advantage of their assistance, the g(M')logi(.'al 
farmer has a poMvr at his command which he may turn to the 
best aeco\int, either in the permanent improvement of the soil he 
occupies, or in the choice of a farm for carrying on the operations 
of some s])ecial (hipartment of husbandry. Besid(‘s the ])ermancnt 
admixture of inorganic substances, there are other conditions 
nccessai-y to increjised fertility; such as facilities for drainage, 
capability of retaining moisture, the innocuous nature of the svdi- 
soil, and the ])Ower of .absorbing and retaining the solar heat. 
Soil overlying trap ami limestone retjuires lc.ss artificial drainage 
than that covering the coal - me.asu res, the neAV-red marks or 
wealden, because the former rocks arc traA^ersed by numerous 
joints and fissures which act .as so many n.atural drain-pipes, Avhile 
the latter arc chiefly tenacious and impervious clays. Again, land 
of itself dry and friable may be rendered Avet by sjn-iugs Avhich 
.arise along some line of dislocation. The farmer acquainted Avith 
the deductions of geology Avould cheaply lead off these springs at 
tlieir sourc(‘, Avhile ho who Avas ignor.aut AA’ould laboriously furroAV- 
drain his Avhole field, and find, .after all, that his w.as the less 
effectual metliod of the two. Such .are mere indications of tlie 
.assistance Avhich geology is calculated to confer on agriculture— 
an .assistance very .apt to be overrated, lioAvever, unless the farmer 
.at the same time .avail hira.self of the assistance of the chemist, 
meteorologist, and vegetable physiologist. As with the farmer, 
so with the land-valuator; .and though a .shrewd practical man 
who has travelled a good deal and kept his eyes open to points of 
amenity, facilities for market, and so forth, may often approxi- 
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mate very closely to the real value ol‘ an estate, depend upon it 
another possessed of the same .shrewdness ami exjterienee, and 
skilled in the geological bearings of the district to hoot, will be 
nmcli the safer guide. In fact, without a knowledge of the 
mineral structure of an estate, it is altogether imjKt.ssible to ascer- 
tain its value ; and so it has happened, even within the last 
twenty years, that estates h.ave been .sold at so ni.any years’ pur- 
chase of tlie land-rent merely, and in total ignorance of a mineral 
wealth that might have been fairly suspected from the most cur- 
sory glance of a geological in.ap of the district. It may be true 
that the functions of the land-valuator are altogether distinct 
from those of the mineral surveyor, and that the report of the 
one should l»e accc)m]>anied by the report of the other ; but ewen 
in the valuing of land for mere agricultural purj>os(*,s, the man 
who is ignorant of the mineral facilities of a dhstrict— its limes, 
clays, marls, shell-sands, j)hos])hates, and so forth- can give but 
a very uncertain and un.satisfactory opinion. 

3G (. 7\s the scenery of every district is less or mon^ influenced 
by its geological structure and formation, a knowledge of tlicsi; 
formations cannot fail to be of use to the landscape-gardmier and 
artist. “ If, in order to draw correctly the hum.an figure,” says 
Air Ansted, ‘‘ it is desiralde to be ac(|uainted with the an.'domy 
of the human frame, and study the hidden cause of those nuni(!r- 
ous jtrominences and projections which give character and ex- 
pression when clothed with tle.sh, it is no le.ss ncces.sary that the 
landscu]oe-])ai liter should study the nature and conditions of rocks, 
their usual forms, possible modilication.s, and the way in which 
they are likely to be covered ui), ma.sked, or modified by atmos- 
pheric and aqueous action. It inus been w(;ll said, by the author 
(if Modern raintrrs, ‘ The laws of the organisation of the earth 
are distinct and fi.ved as tho.se of the animal frame- simpler 
and broader, but ecpially authoritative .and inviolable. Theii' re- 
sults may ho arrived at without knowledge of the interior mechan- 
ism ; hint for that very reason ignorance of them is the more 
disgraceful, and violation of them more unjiardonable. They are 
in landscape the foundation of all other truths— the most neces- 
sary, therefore, even if they were not in themselves atlractive. 
But they ai'e as be.autiful .as they are essential ; .and every .aV)an- 
donraent of them by the artist must end in deformity, as it begins 
in falsehood.’” Throughout the work we have drawn attention 
to the physical features of the resjiective formations, and here we 
need only observe that the artist acquainted with the causes fliat 
have conferred, for examjile, a bold and rugged outline on [iriini- 
tive mountain-ranges, and a smooth and swelling one on hills of 
secondary districts- -who can appreci, ate the distinction between 
the splintery crags of the skte-formation and the wall-like jme- 
cipicel of the mountain limestone, the rugged and jagged cliffs of a 
metamorphic shore, and the softer though equally lofty ones of 
the chalk — who can feel the efiect of a long line of stratified coast 
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composed of the coal-mejisures or lias as compared with the vor- 
tical arrauf^cmeiits of the igneous rocks — and who knows, more- 
over, the etiectsof rock-formations on vegetable growth, and the 
natural disposition of that vegetation around and over the clill's 
and crags lie portrays, is much more likely to succeed in his art 
than one who is ignorant of or indifferent to such natural causes 
and iteculiarities. And what is true of landscape-painting ap))lies 
with still greater force to landsciipe-gardening and the fiuicing 
and planting of e.states. Wo have seen belts and clumps of wood- 
land arranged where nature would never have planteil tlnuii, Ihe 
finest cliffs obscured by plantings that nature would never ha\ i‘ 
permitted, and rockeries ami rock-work set down wlicr(! llie 
slightest acciuaiubince with geological phenomena Avould have 
told the artist that rocks and cliffs could never have existed. 


As a ffranch of floncral Education. 

305. Nor is it alone the miner, the engineer, builder, farim r. 
landscape-gardener, and painter, that can turn to profilablc ac- 
('ount th(! (leductions of geology. The capitalist who .speculati's 
in land, the emigrant, the traveller and voyager, the statist Iciaii 
ami statesman, may all derive assistance from the sanu! source, 
and bring a knowledge of its facts to hear on the progress of tlidr 
nations. So also tlie lioliday tourist, the milit.ary ollieer stationed 
in distant countries, and others in similar situations, if possessed 
of the requisite knowleilge, may do good service not only to tlic 
cause of science, but f.o the furtherance of our industrial ])i’"s- 
perity. Indeed, we do not allirm too much vdieu we assert that 
had one tithe of those who, during the last fifty yeai-s, have tra- 
vcllod or settled in America, Austndla, New l^ealaml, India, and 
other countries, been ))Ossessed even of a smattering of geology, 
these countries, as to their suhstaiitial wealth and social progress, 
would have been in a very different jaosition at the present tlay, 
Their gold-fields and coal-fields, their mines of iron, eo})per. and 
other metals, take rank among the most important discoveries of 
the prcscTit age ; ami as the spirit of civilisation is now evoh’ed 
and directed, no progress can be made without those meehauicid 
api)liancos to which the po3.session of coal and iron is indispen- 
sable, no facility of commercial intercourse without a sufficiency 
of gold, which has hitherto formed the most available medium of 
interchange. 

The as.sistance which geology lia.s also conferred, and the 
new light its deductions have thrown on the other branches of 
natural science, are not among the least of its claims to general 
attention. The comparatively recent science of Physical Geo- 
graphy, in all that relates to the surface-configuration of the^lobe 
— its climate and tempemture, the distribution of plants and 
animals, and even touching the development of Man himself as 
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influenced by geographical position— can only lay claim to the 
character of a science when treated in connection with the funda- 
mental doctrines of geology. So also in a great degn'c of Botany 
and Zoology : the reconstructing, a-s it were, of so many (‘xtimd; 
genera and species, has given a new sigidlicance to the science of 
Life ; and henceforth no viewof the vegetable or animal kingdom 
can lay claim to a truly scientific character that does not embody 
the discoveries of the Balmontologist. In fact, so ins(']iai’ably 
woven into one orkat system of life are fossil foims Avitli those 
now existing, that we cannot treat of the one without considering 
the other ; ami can never hojie to arrive at a knowledge of Civa- 
tive Law by any method. Avhieh, however minute as regai-ds the 
one, is not eijually careful as concerns the other. Combining, 
tliereforo, its theoretical interest with its high ]'ractical value— 
the c()m])lexity and nicety of its problems, as an intellectual exiu’- 
cise, witli the substaJitial w'ealth of its discoveries - -tlu' new light 
it throws on the duration of our planet and the wonderful variety 
of its ])asl life, with the certainty it confers on oiu’ industrial re- 
searc'lu's and operations— (..leology becomes one of the most inijiort- 
tmi of modern sciences, deserving the study of every cultivated 
mind, and the encouragement of every enlightened government. 


Procedure in the Field. 

3Ci7. To ac(]nire a knowledge of the science thus .sketched, siitli- 
eient for tlie ])urj)o.ses of a well-informed mind, is not. a vei’y 
dillieult or tedious task. The obji.-cts of research, we ha,ve alreaiiy 
said (par. 12), are scattered everywhere around us. Not a (|uarry 
by the wayside, not a railway-cutting through which we are 
ftirried. not a mountain-glen uji whieh wc Avandcr, nor a s(*a-clitf 
under which we saunter on a .summer’s evening, but furnishes, 
when duly observed, important lessons in ( Jeology. A hammer 
to detach specimens, .and a liag or liasket to carry them in— 
8 pocket inagnifying-leus to detect minuter strnetures - a eoiujiass 
and elinometer to determine the strike and dip of strata— a 
sketeh-liook to note nn usual jduuiomena an ohserving eye and 
a pair of willing liinhs, are ne.arly all the young student, re(|uires 
for the field ; ami by ins])eetioii ,a,n<l comparison in some muse.imi 
(and luckily these are everywhere on the inerea.se), and ]>y the 
diligent use of his text-hook, lie will, after a few ramhies, he able 
to proceed in the study as a practical ohserver. Let him note 
every new and strange .a])j>eanince, handle ami ]»reserve e\-ery 
rock and fossil with which lie is not familiar, throwing nothing 
aside till he has heeome familiar wdth its mature; ami thus, 
besides obtaining new knowledge and facilitating hi.s jirogress, lie 
will sliortly acipiiro the invaluable power of prompt and .accurate 
discrimination. By following such a course, it is astonishing how 
Boon the eye is trained to detect the faintest trace of an organism, 
T 
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the nature of a mineral crystal, or even the composition of a rock, 
and to be in a great measure independent of mincralogieal tesis 
or chemical analyses. 

3G8. The equipments for the field, we have said, are neither 
numerous nor ex])eu8ive ; and here we may remind the young 
student that it is of much more imporUince to know the (hiug 
sought after than to be curious a, bout the shape of a hammer, 
the cut of a bag, or the style of Ids general aecoutremeni. One 
of the Nestors of English geology makes boast of never having 
spent a guinea on field e(]uipmeuts ; and yet the science is perhaps 
as much indebted to him as to any other name on the roll of 
living geologi.st.s. As to JuinmK^rs, these can now be readily 
obtained from almost .any ironmonger. One with a round (unl. 
like No. 1, for hard and massive rocks ; anotlier with a flat end 
.and cleaving face, like No. 2, for softiu* strata ; .and n, third, of the 
shape of No. 3, for dressing !uid chipping cabinet specimens, are 
all tliat is necessary ; .ami if to these are added (•//Is&lx of the 
shapes here indicated (4 and 5), the student retpdres nothing 



more. In gencr.al,hc will find it convenient to c.aiTy his hammer 
.and chisels she.athed in a nmid-bdt, both because they are more 
readily got .at, and more easily carried when his bag gets fdled 
with specimens. As to a one of stout jane or canvass, witli 
two divisions and a pocket, will be .amply sufficient. If on a long 
ramble, one of the divisions can hold his niglit-traps, the other 
his specimens, while the pocket may l)e appropriated to his flask 
and biscuits. An with two or three lenses .and dia- 

phr.agm, can be procured from any respectable optician for a lew 
shillings ; and the instrument-makers in mo.st of our large towns 
now keep in stock a neat porkel-awrpass^ fitted with a brass 
pendule, to be used when required as a cUnomder. The student 
may even construct his own clinometer— a piece of C4irdboard. 
marked with the degrees, and fitted with a swinging slip of 
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metal for a pendule, being quite as useful as the most expensive 
lie could purchase. Au acid-bottle, and a few other simple tests, 
,are also extremely* useful in the held ; V)ut anything like analysis 
must be reserved for the laboratory. For ascertaining heights up 
to 2000 feet or thereby, the aneroid will be found the iimst cou- 
venic'ut instrument for the geologist, who seldom reipiires, in the 
British Islands, to carry with liim into the held either the (uiro- 
mcti-r or llienmmeter. Of course it is ditferent when ti avelling 
among unknown heights, or in districts abounding in hot sjirings 
and other thermal jilienomeua. A vote or driclt-hook is an indis- 
jiensable laapiisito ; and every day spent in the held without it 
may be looked iqwn as a day all but lost to the g(‘ologist. Tt, is 
quite inqiossible for the memory to carry away a mnltijilieity of 
details as to strike, dip, inclination, contortion, joints, faults, 
veins, &c., or even to retain the aspect of rock-inass(!s with sutli- 
cient accuracy for future i-eference and comparison. Once not(‘d, 
however, and they are available ever after. Ibr-soiod/n, the 
lighter a geologist c;in tr.avi‘l the Ix^tter ; a thin watei'proof 
eaj)e, in the event of rain (an umbrella is an incumbrance and 
obstruction), a short shooting-coat, with a superabundance of 
|)Ocket s, a pair of stout-soled easy-going shoes, and a spare jiair of 
socks, is all that he need provide for tin; roughest and longest 
excursion. 

d()!). Thus equipped, he should carry with him t/ie bed map of 
the (lidrict he can ])rocure, and if coloured geologically, so much 
the better. A large; ))orlion of Kngland ainl Irclainl has now 
been surveyed and ma})ped by tin; (lovernment geologists, and 
the sheets of this surv(;y .are decidedly the be.stand most available. 
For districts of the country not yet oilici.ally surveyed, such maps 
as Gritlith’s of Ireland, ivui|)e’s of Kngland, and iM‘tJulloch’s of 
Scotlatid, or the Pahcontological Map of the British Islands in 
Keith Johnston’s Plii/sictd Attaa, will bt; found to la; of cs.'^ential 
service. There are also variously |)ublishcd sets (dcoaiilii waps, 
several of which h.ave been coloured gcologic;dly, to accompany 
local memoirs ; and theke, though often imperfect, will be foutnl 
to be of use in pointing out the boundaries of formations and 
other peculiarities. In making his investig.ations, the student 
should examine every exposed face or section of rock ; and for 
this ])urpose se.a-cliifs. sides of ravines, mountain precij)ices, river 
channels, road and railway cuttings, quarries, wells, coal-pits, 
and, in short, every surface-opening should be sought after. As 
he travels along, he .should also learn to note the stom;s used for 
road-metal, for lield-fence.s, .and other country ]turposes, and 
those will often guide him to local (piarries which he might 
otherwise have missed. The ordinary buildings of a district 
are also in general good indices to its geological forni.ations, 
though occasionally architectural stones are brought from a great 
distance, and thus present the geologist with some curious ano- 
malies. The young explorer should also make the acquaintance 
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of every stone-breaker, quarr^an, miner, and mason he meets 
with; and tliough the terms “ Mebimorphic,” “Silurian,” “])e. 
voniaii,” and tlie like, may be as High Dutcli to their ears, yet, 
if conversed with in their own language, many of tliem will lie 
found to afford important information both as to tlie natm-e of 
the rocks, the stratification, the faults, and other particulars of a 
district. In fine, tlie student should let no stone lie unlurnod to 
get at the object of his investigation ; should visit the local 
museum, if there is one ; find out the names of local collectors, 
and get access to their cabinets ; call at the shop of the Avorking 
lapitiary and dealer in natural cuidosities, and it must b() a vciy 
obscure village, or a very uninteresting locality, geologically 
speaking, that does not possess some one curious in fossils, 
minerals, pebbles, shells, insects, or the like, a,nd who knoAvs 
something, less or more, of the natural history of Ids district, 

370. Being now in the field- properly equipped, and Avith such 
information as he may Iiave gleaned by prcivious reading and 
local inquiry— the student should proeee<l to ascertain the .vO'//v 
and (///) of the strata, taking care to as(!ertain the general dip, 
and not to be misled by obli(iue lamination, by clcavag(g or other 
indications of cross structure. As Avith the strike and dip, so 
with the dirwtloii of difkes, faults, vtins, lines of di'ava<ie,joliitinii, 
and so forth, all of Avhich arc important guides to the structuiv 
of a district, and })oiut witli certainty to the chronology of its 
monntain chains and axes of elevation. By laying doAV ii corrccdly 
the direction of a dyke or fault on one portion of a field, and pro- 
longing it on his map, the student may find the same dislocaiioii 
several miles distant, and l.)e thus prepared foi* alterations in dij) 
and other phenomena Avhich might otherwise be extremely per- 
])lcxing. As ho proceeds in this way he Avill also jot down the 
boundaries of formations— marking only the principal outlines 
on his field map, and keeping all details, measurements, nnd 
figures ill his note-book. Wo say field 'map, for it is ahvays 
convenient to have one cut doAvn in sm.all portions for work in 
the fiidd, and another preserved entire ffir ultimate transference 
and colouring. The .symbols of geological surveying are not very 
numerous, nor are they (it is to be regretted) very closely adhered 
to, though the science in this res])ect might he greatly aided, and 
its acquirement faciliUtod. Making allowance for magnetic 
variation (about 24® at present), the student should always lay 
doAvii the true direction ; the strike of strata by parallel lines, 
and their dip by arrows —sti’aight if plane, and bent or waved if 
the strata are flexured and contorted., Anticlines and synclines 
are thus easily perceived on the map ; vertical strata may he 
indicated by a bold cross line ; horizontal by a cipher on the 
shaft of a double arroAv ; cleavage by three sharp lines on the sliaft 
of the arroAV ; faults by two faint parallel lines ; and dykes by 
bolder ones, according to their breadth and bearing. In indicating 
formations on the map, the best way is to do it by 001001*3 ; 
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and though no conventional colouring is yet strictly adhered to, 
that now adopted by the Government Survey is tlie one generally 
followed ; viz. carmine for granite, deep red for trap, and a dingy 
or purplish red for volcanic ; pale purple for the mctaiiiorphic^a 
deeper hue for the Silurian, a faint red for the Devonian, blue 
for the luouutaiu limestone, dark brown for the carboniferous, 
some brighter shade of red for the Permian and Trias; shades of 
yellow and butf for the oolite.s, some shade of white for the chalk, 
and umber for the different tertiaries. Of course, minuter divi- 
sions re([uire a variety of shades, and these must be explained by 
an accompanying index of symbols. Attempts have also been 
made to indicate the formations by engraved tintings, cross- 
hatchings, stipplings, and the like ; and these, in the absence of 
colours, may often be conveniently imitated by the pen. In 
sketching sections it will be found of essential service to employ 
such marks to indicate at once to the eye the nature of the 
respective rocks and strata. Small crosses (.St George’s) imiy bo 
used for granite; St Andrew’s for trap ; half cro.sses, or triangular 
marks for volcanic ; T-shaped marks for gneiss and mica-schist ; 
a faint tinting, with cross lines, f<.)r cleaved clay-slates ; dots 
for sandstone ; larger dots for congloineiutes ; faint ])arallel and 
vertical touclies to indic.'ite jointed lime.stones; close (lark tinting 
for shales ; and .so on for admixtures or combinations of these. 

371. Having laid down his survey, and .sketch(.‘d his sections, 
the geologist has next many deep and dillicult problems to solve, 
some connected with the mineral com]) 0 .sition, s(»me with tho 
inetaiuorphism, and others with the origin and aggregation of the 
strata. In an elenuuitary outline of this kind we can only indi- 
cate the line of research, lc.'iving the student to gather by obser- 
vation, and by his acipiaintauce with existing operations in nature, 
the many and complex phenomena conueeded with what niay be 
termed the mere “ ])hysic:d aggregation of rock-masses.” In his 
investigations he must endeavour to a.scertain, for exami)le, 
whether certain conglomerates give evidence of long-cuntiniied 
littoral action, or whether, from their brecciated comj)osition, 
they prove a rapid and unusual process of aggregation ; whether 
certain .sandstones, from their internal structure, have been formed 
sub-aerially or under the water, have been aggregated along an 
open exposed shore, or, from their clayey laminations, have been 
deposited in (luict estuaries ; whether certain shahis have l)ccn 
collected as alternating river-silts, or slowly depo.sited in homo- 
geneous deep-sea masses ; whether (’cidain limestones have been 
formed in situ from living .shell-beds, or are littoral aggreg.ations 
of drifted and broken shells ; and whether others h.ave been ( juiet 
semi-chemical precipitates, or are the mere mechanical debris 
of disintegrated coral reefs and minute foraminifera. He will 
next have to consider the intenial changes ormetamorpliism that 
strata may have undergone since their dc]X).sitiou, and how far 
their texture and structure give evidence of the effects of heat, of 
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chemical alteration, of pressure, or of any of the other a^^eneies 
adverted to in pai*. 147. Having well weighed all the physical 
conditions on which the presence of a single crystal, a pebble, a 
line of lamination, a ripple-marked surface, a worn shell- valvi;, or 
even the disposition of the particles which compose the mass, may 
often throw important light, he will next have to turn to t he organic 
remains which the sti’ata may enclose. And there all the knowji 
facts of botany and zoology will be necessary to the solution of his 
problems, and this independent of the physical questions which 
their presence involves. For instance, ao the remains ap|)eai‘ to 
have been drifted from a distance, or to have grown and lived in 
the sites where they are now entombed ; have they been aggre- 
gated in the (piiet onlinary process of life and decay, or do they seem 
to have been suddenly extinguished '! These and many other 
similar questions will at once be suggested by the appcaraiicoand 
positions of the fossils ; and from these the philosophical impiirer 
will rise to the higher considerations of generic and specific <lis- 
tinction, aiialogy with existing races, the question of habitat, geo- 
graphical distribution tis governe<l by climate and other jdiysieal 
conditions, and, in tine, all that we know of the laws which semti 
to intineuce the locations, the variations, and mutations of vitality. 

972. In making his practical investigations, the student will he 
materially aided by the study of an autbontic collection of mine- 
rals, rocks, and fossils. To begin witli, be may avail liimself of 
such elementary collections ms are sold by Professor 'I’enant of 
London, the London agent of M. Krantz, Messrs Grilhii of Glas- 
gow ami IahhIoii, Mr l)amou of Weymouth, Mrs Somerville of 
Edinburgh, Mr Dorau of Dublin, and others. These, liowciver, he 
will soon lay mside for a cabijiet of his own collecting and arrang- 
ing ; and on tins point we would advise liini to procure a good 
roomy suite of drawers the moment he tliinks of collecting- 
showing more anxiety about accommodation and the exclusion of 
dust tliaii about any frivolous display of cabinet-work. The 
general course is to begin to collect, and then to think of a cabi- 
net ; but wc can mssure the student— who values tlie perfection 
and distinctnes.s of a crystal or fo.ssil, and who knows how much 
such specimeus sulfer by the rough-handling of the uninitiated— 
tliat the better jilan is to begin with the cabinet, which he will 
find only fills too fast for all tliat ho would like to retain in its 
compartments. In a private collection it is inqxissible to arrange 
more than a few hundred typical specimens, and, in fact, nothing 
beyond this should be attempted so long as ready acce.ss can be 
had to tlie invaluable treasures of our jmhlic museums. If it is 
minerals alone that he Is collecting, he will arrange them accord- 
ing to tlie classification he studies in his manual, be it that of 
Phillips, Ilauy, Dana, or Berzelius ; if it is rocks alone, perhaps 
the most instructive order is that of the formations in point of 
time, beginning with the granite and ending with the volcanic for 
the IGNEOUS, and with the metamorphic and ending with the post- 
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tertiary for the sedimentary ; and if it is /(mils alone that he 
wishes to preserve, the same chronological order, tray above tray, 
is perhaps the most instrnctive and the most easily referred to. 
On the other hand, if he has plenty of room at his command, it is 
(piite possible to arrange the fossils along with the roek-forma- 
tions in which they occur, and even in such an arrangement to 
place the mollusca, the Crustacea, the fishes, itc. of each formation 
in some })articular coin]mrtmeut of the ti-ays, so as to combine a 
zoological with a chronological gradation. Whatever size of spe- 
cimen the student adopts (and mere pigmy fragments are of very 
little value), he will find hammer No. :i of great use in chi])]nug 
them to shape, and the moment they are so shaped they ought to 
be labelled with the name, formation, locality, &c., and consigned 
to their compartments, and never subseipiently lilled unless 
by the edges, and scarcely even that, save with a ch^an dry 
liand or a glove on. Occasionally, for the preservation of soft 
shaly s])ecimens, it will be necessary to givi; tliem a slight coating 
of gum, but the less of this the better ; ami where the gum is ajit 
to obscure, an additional wrajiping in w'adding or tissue-])aper 
will be found to be the lictter j.uaiservative. On tin' whoh;, there 
is no great art or mystery in the formation of a geohtgieal eollee- 
lion— the main object being to secure fairly-seliieted specimens, 
and such as exhibit in the liigliest ilegreo any particular ))oiiit 
that may be desired. Of course, the .student may not always bo 
able to obtain tlie best be could desire, but let him retain what 
lie has got till he can rejdaee it by a better ; ami above all, let 
1dm never wantonly sacrifice a duplicate- ever rmnembering 
that W'hat may lie common in one district may be rai-e in juiotbcr, 
and that Ids rejected specimen may be the means of obtaining, in 
exchange, some much-coveted gem from a distant brother col- 
lector. 


Difficulties !in<l Incentives. 

373. The course of practical inquiry wc have sketched in the 
preceding paragraphs, is far from embracing all that reipiires to 
bo known or followed by the working geologi.st. Eiiougli, how- 
ever, has been done to put the earnest and willing student on 
the "way-dhe rest ho must work out by bis own zeal and deter- 
mination ; and in Geology as iu all other imdertakiiigs, a liearty 
goodwill— even were it to the extent of what the world calls 
“enthusiasm”— is more than lialf the victory. It is true, there 
are difficulties in the way difficulties inseparable from the 
nature of the subject, such as the depth.s at which many 
of the strata are situated in the solid crust, the imitamor- 
phoses they have undergone since their first formation (thus 
increasing tlio difficulty of detenniniiig the agencies by which 
they were aggregated), the repeated upheavals and displacements 
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of tlio orifonal areas of deposition, the obscure and fragmentary 
condition in whicli many of the fossil-remains are discovered, and 
abov^o all, the wide expanse over which observations must bt; 
made before we can obtain proper data for comparison and ad- 
j nstment. There are also difficnlties arising from the im]:)erfecl ions 
of the science, and the errors of its earlier cultivators ; and the 
lioncst teacher should no more gloss over the one set of dillioultics, 
tlian he should shrink from frankly owning liis inability to re- 
mo ve the otlier. We refer in particular to the imperfections of geo- 
logical classiticaiiou ; the dilliculty in many cases of discriminating 
rocks by the nomenclature at ju’cscnt in use ; and tlie daily increas- 
ing dilliculty of mastering fossil s))ecics, while one and the same 
object figures in dilferent works, it may be, by half-a-dozen dill'e- 
rent synonymes. With regard to the classilicatiou of the rock- 
systems, the student need not be discouraged. The matter will 
shortly right itself ; and by adhering in the first instance to the 
great divisions about which there can be no doubt, he will soon 
be prepared to unrawel his way among tlie minor subdivisions, 
which future discoveries will either confirm or cancel. The same 
may be said rcsfiecting the discrimination of rock-speeirneiis ; let 
the student make himself familiar with the leading families, which 
ai'i! neither very numerous nor ])uzzling, and tlnui as to minor 
distiiKitions time and e.vperience can be his only aids. The dilli- 
ciilty attending the determination of fossil species has arisen in 
a great measure from the novelty and obscurity of the subject, :us 
well as from the labour of tiguringand com[)aring.so many imjier- 
fect and fr.'igmentary objects ; but where the greatest mast ers are 
so freipiently at va.riance and in <loubt, the earnest student need 
neither be disheartened at his failures, nor ashamed to own his 
errors. 

374. In a new and ])rogrossive science like Geology, wliich has 
still such a wide field of exploration before it, and which calls in 
the aid of so many eo-rclativo sub-sciences, tliere is aiii])le scope 
for the energy and industry of the most talented and eiithnsiastic. 
8o vast is the field, and so varied its aspects, that there need be 
no jealousies nor jostlings for centuries to come. One may devote 
himself to its mineral forms, another to its ])hysieal problems, a 
third to its fossil ])lants, a fourth to its fossil animals, a fil’lli m.ay 
study alone its economic products, and a sixth endeavour to tiud 
expre.ssion for the general laws which it indicates; while all may 
go on as one great brotlierhood, united under the motto of “Head, 
Heart, Hand, and Hammer,” in the elucidation of the history of 
the marvellous world we inh.abit. And whether in collecting 
data among the hills and ravines, by the sea-clilf or in the mine, 
or in ari’aiiging and drawing from these data the warrautiMl con- 
clusion, the earnest student will find Geology at once one of the 
most licalthful and exhilarating, as it is intellectually one of the 
most expanding of human pursuits. And even where no profes- 
aioual object is aimed at, the man of busincs.s, the liealth-sceker, 
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and holiday tonrist, will find in it an endless source of recreation, 
peradventure of permanent instruction. Nor need the fair se\ he 
deterred from the study, hecauso it seems at first si;u;lit a some- 
what rough and rocky one. They will discover in the forms and 
colours of mineral gems and metallic ores a source of attraction 
otlier than that of mere pei-sonal ornament; they will find the 
remains of plants and animals emhalmed and prescu-ved in a state 
that the most delicate need not shrink from investigating ; they 
will find that a knowledge of tlio distinctive features stamjied on 
each landscaj)e by geological phenomena, enables them to add the 
truths of nature to the graces of their .sketch hooks ; while dur- 
ing every walk by the sea-shore, a, nd I'amhlc on the hill-side, they 
will find in every pebble which the feet of the ignorant W( add 
8j)urn from their path, something to amuse; and interest, even 
where instruction is not .sought after, nor intellectual .altainments 
prized, for the advantages they confer on their jiossessors. Thus, 
Like it in no higher light than a mere recreation for an idle mo- 
ment, it will be found at least an innocent and exhilai-ating one 
—one that need never interfere with the comfort of a neigh liour, 
nor bring to the observer one jiang of morlilication or regnd. 

37o. Enough, we presume, has no\v heiai stated to convince the 
student of Geology tha.t the subject is one de.serving Ids l.iest and 
most earnest attention. We leave done wliat we could, wathin 
the scope of an elementary text-book, to exjdain its leading facts 
and })rinciples,— endeavouring rather to stimulate to further re- 
search, and ])ointout the methods of ])roeednre, th;»,n attem])ting to 
teach its details. And luckily for tin; student, these details are 
cmhoiliisd in many inviting and accessitdo volumes; .and nioro 
luckily for him still, the mo.st instructive fa.ets .and iiiipnrta.nt 
prohlems of the science lie in the (Tust heiic;itli and .around him 
in his own n.ativc island.s, — islands, tlie study of which first gave 
character and consistency to Geology, and rescued it from the 
domain of ignorant hypothesis and visionary speculation. 'I'here 
cannot, indeed, be a liner training-field for the young geologist 
than tile British Islands, The numlier of form.ations eoinprised 
within so small .an area, their frequent iqiheavals and exposures, 
the extent of section dis|)layed hy our sea-elilfs and mountain 
ravines, the magnitude of our industrial o])er.ations in mines, 
quarries, tunnels^ and railway-euttings-^Laying h.are so much of 
the earth’s internal structure are ailvantages peculiarly enjoyeil 
by tlic British student ; and though some districts cannot per- 
haps vie with othei-s in the number .and distinctness of their fossil 
remains, that want is often more than compensated by the variety 
and forcible boldness of their physicJil demonstrations. 

37(i. In the practical investigation of the science, the student 
will derive material assistance from De J>a Beehe’s (ifnlofiical 
G/v,s( 0 'cc/',— the only work we yet pos.sess exclusively devoted to 
field-jU’ocediirc. lie may also obtain a fair outline of its industrial 
bcai'ings from the brief treatise of Mr Ansted on Israel tad Geo- 
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in Orrs Circle of the iSciences ; and if his callincr com- 
pels attention more immediately to any dejjartment, lie may <de;ui 
miormation from some of tlie following sources, tlioindi it must 
be confessed that a competent general work on Economic Gkology 
IS still a desidemtum. On Mining, the work of Mr Ansti-d 
already referred to, Me.ssi*s Buddie and Korster On the North of 
A w/tond Coa]-Fu‘l(h^ the treatises and papers on our Coal-Fields 
rofemd to m par. 208, the CVo/oyiVvi/ Sarmr and 

the Jrocmlim/s of the Nchoot of Mines, the Jnri/ Reports V the 
(treat h.jiuhttion, the various articles apiiertainiug to miiierals 
and metals in (nrs Dictionary Arts and Mann fart arcs as 
also in the current edition of the Kneyclvpa dia liritanninL Phil- 
tips (d MetaJlun/i/, and the pleasant gossiping little 

work ot Mr Jackson On Minerals and their Uses ; on Emdneer- 
ing and Building, the Ct/vlopa'dia of Ewjineerina, the (Nnmis- 
sionrrs heporl on the Jlimses of Pitrliinncntphc, ,1 art/ Peports of 
the (rreat Nrhdntmi, and ])apers on the Quarries of' Scotland in 
the Iranmrtions of the liuihland Noeietn ; on Agriculture the 
ot the late Brofessor Johnston, the papers ofMr 'rrimmer 
Mr Nesbitt, and othew, in the donrnal of Ayrkidtnre, and 
various of the Higliland Society’s prize-essays and reports ; while 
on tlui subject oi liandscvipo, some a,vailal)lc hints may bo gathered 
Irom MrAnsted’s Treatise, Buskin’s Modern Paintersf imd the 
respective editions of Professor Ph illips’ Manual of Gcofep/. On 
the whole, the practical applications of the science, thoin'rii well 
laiown audot paramount importance, have been less discussed or 
methodically treated than its theoretical aspects, and the student 
must be contented in the mean time to glean from scattered 
sources what he might have fairly anticipated from the pa-ms of 
some compendious and trustworthy volume 
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AiiUA.sioN (Tiilt. tt?», from, nnd rnthre, 
to ml) or Kcrapf). --The oiieratioii of 
weMiiiij' uway i)y oxteriinl nibbiiii? or 
friction : hence certain nbraded rock- 
surlacert. 

Acicimiai.oiin (Gr. o, without, nnd ce~ 
phiilr, lieadh- Applied to those inol- 
hisca, like the oyster and scallop, which 
have no distinct head, in contradis- 
tinction to tlie Ciici’pluitoii.f, or those 
with a distinct head. The class Aco- 
phala coinprehends most of the hi- 
valvH miillnscs, and several which are 
destiltite of shells. 

Aei( iJi-AU (l,al. uciVwfrt, a littlo needle). 
—Mineral crystids oiciirriiiK in nee<lle- 
like prisms or prickles, as actynolite, 
are said to he acicular. 

Ac'int’i.oi'S and At.'tDiti.ATKD.— SliKlitly 
acid, or snh-acid; applied to certain 
watcr.s and springs. 

AcnooKNous (dr. acrot, the top, nnd 
!lini>nuU, I am formed). — Api)lied to 
tliose cryjitogamic plants which in- 
crease by growth at the summit, or 
growing j)Oint, ns the tree-ferns. 

Actv.nomtk (Or. artin, a ray or thorn, 
and lUhog, 8tone).~A mineral and rock 
of the granitic group, composed of radi- 
ated or thorn-like crystals of a dark or 
greenish line, and closely allied to 
hornblende. 

Adipo< eke (Or. adept, fat, and eera, 
wax).— A waxy, fatty substance into 
which animal matter is converted when 
buried in tlie earth, and in a certain 
stage of decomposition. 

Aktkr-damp. — Another name for 
“clioke damp" or carbonic acid, as 
occurring in mines after an explosion 
of ‘‘ llre-damp,” or light carburetted 
hydrogen. 

A(mtk (said to be from Uie river Achates, 
wiicre line varieties wcur).— A mixed 
siliceous mineral found in veins, no- 
dules, and geodes. Tlie geodes often 
consist of alternating bauds or deposits 


of cornelian, onlccdony. j.nspcr, opal, 
<)nartr., Ac. ; heoco the varieties of tho 
mineral are known by siii'h naincs as 
rihhon agate, lortillcalion-agaie, hrocci- 
atcd-agale, inoss agatc, Ac. 

Ai.aiiaster (dr. (tlahuiilriiii).—\ wliito 
Hcmi-trinspamil gramdar or massive 
variety of gyp.xuin, orsulpliale of lime. 
It is a mineral of coiiimon occurrence in 
seenmiary and tertiary formations (('he- 
shire, .Montmartre near I'aiis, Muii- 
taiout in Italy, Ac.), and being readily 
turned by the lathe, is niannfactiired 
into statuettes, va?-cs, and oilier domes- 
tic ornaments; licnee f)criiap.s the term 
ahihatlrou, an ink or pcriimie vase. 

Aliutk (l.at. ulha, white),— A variety of 
felspar of a greydli-wliite oniiilky- wliito 
colour, composed of sdex alumina 
soda th.'), and traces of lime and 
oxide of manganese. It is also known us 
VAmvlmd'de. 

Alho.m du.tc I’M.— The whitish hardened 
excrement of dogs, wolves, liyicnas, 
Ac., feeding on hones. It eonsist-S 
chicHy of the earth of hones or lime, 
in eomhinatinii with plionplioric acid. 

Alo.k (hat. ulm, 8ea-wecd).~Cellular 
aquatic plants, mostly of murine ha- 
bitat. 

Almiviiim (hat. Iwrf, to wash, and at!, 
together). — Mutter washed or brought 
togelher by tlie ordinary operations of 
water is said to he alluvial, and the soil 
or land .so formed is spoken of as allu- 
vium, The soil of most of our river- 
plains. which have been tlie sites either 
of lukea or of estuaries, are alluvial. Our 
straths, carses, <lales, holms, ami mea- 
dow-lands, are chietly alluvial, txe Di- 
luvium. 

Amim (hat. alnmen. Or. 'alt, 'alot, 
salt).— Alum is a double salt, the sul- 
phate of alumina and potash, the crys- 
tals of which contain nearly 50 per cent 
of water. Alum is chiefly manufac- 
tured from certain shales, as those of 
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the Lias in Yorkaliire, of the coal In 
Lnnnrksliire, kc . ; hence ahm-thale, 
ahminiU’, alum-ttont, &c. 

Atiimi.vA.— Tlie pure plastic principle of 
clay, which is usually a silicate of alu- 
mina. Alumina is, in fact, an oxide of 
tlie metal aluiuiiiuin, consisting of alu- 
minum 12, and oxygen 8. 

Amethyst.— Uuartz or rock-crystal col- 
oured by a minute portion of iron and 
manganese. Tlio amethy.st is a transpa- 
rent gem of a purple or violet-blue colour : 
it is sometimes naturally colourless, and 
may at any time he deprived of its 
colour hythe action of heat. .Some 
derive tlio name from its colour, wliicli 
resembles wine mixed with water ; while 
others think it obtained it8name(Gr. «, 
without, and methi/des, drunkard) from 
its supposed virtue of preventing intoxi- 
cation, hence worn by topers as an 
amulet. 

Ammonite.— The fossil shell of a nume- 
rous and varied family of cephahipodoiis 
mollusoa coiled in a plane .spiml, and 
cliambered within like the existing nau- 
tilus ; so ciilled from the reseiniilancc 
of the sliell to the liorns on tlie statue of 
Jupiter Amnion. “Cornu iimmonis,” 
“ Whiihysnake8,”and “suakestones,” 
are oli.soloto synonymes. 

Amoui'uoiis (Gr. a, without, and mor- 
jilii', form).— Apjilied to minerals and 
rock-masses whicli have no regular or 
determinate form ; void of structure. 
Amori-uozoa (Gr. a, without, morphi, 
form, and cnwn, an animal). — The low- 
est clii.ss of the auimni kingdom, con- 
taining tlie sponges and (heir allies : so 
called from the want of regular organic 
structure in theil' parts. 

AMt’HiTHKRitt.M (Gr, ompM, implying 
doubt, and therion, a wild beast).— An 
Insectivorous tiuadruped of the otilitic 
epoch, 

AMVf.nALoii) (Gr, amygdalon, an al- 
mond, and vido$, form).— This term is 
applied to certain Igneous rocks contain- 
ing small almond-sliajied vesicular cavi- 
tic.s, either partially or entirely filled 
with agate, jasper, ealc-spar, and other 
inincrals. 'i'iiese minerals being of a 
different colour from the mass of the 
rock ill whit'll they are imbedded, look 
like ahuiimls in a cake; hence the term 
amygdaloid tl, 

Anau'ijik (Gr. a, without, and alhimoo, 
strong). — A zeolitic mineral found 
abundantly in trappean rocks: so called 
from its feebly electric proiiertles. 
Same as Cubizite. 

A.nalooiik (Gr. ana, with, and lopof, 
reasoning),— An object that resembles 
or corresponds with another ; thug a re- 
cent shell of the same species as a fossil 
shell is said to be tlie analogue of tlie 
latter. 

Anoiusperms (Gr. angeion, a vessel, and 


spema, seed).— Plants whose seeds are 
encased, or in seed-vessels; in contra, 
distinction to gymnoKpmivi, wliidi see. 

Annulosa (Lab anri a little ring).— 
One of the classes of the animal king- 
dom, having ringed or jointed bodies 
like the worms, a double gangliunated 
nervous cord, and red blooil. 

Anopeothshiu.m (Gr. a, witlioiit, nplon, 
weapon, and therion). — A fo.ssil jui- 
chydermatons faun-like quadrujied frum 
the lower tcrtiarie.H, and so called from 
being destitute of any organs of de- 
fence, us tusks, claws, or horn.s. 

Anthracite (Or. anthrax, carbon).— A 
variety of coal almost wiiolly deijrivcd 
of its hitiimen. It may be regarded iis 
natural coke or cliarcoal, formed by sub- 
terranean or chemical lieat. Ordinary 
bituminiferoiis coal is often found con- 
verted into a kind of coke by tlie con- 
tact of igneous rocks ; and in tins way 
many antliracitcs may have originated. 

Anthhacuthkrujm (Gr. anthrax, coal, 
and therion, wild beast.) — A fossil 
]iacliydennatou8 animal found in ligni- 
tic terti.arie.s. 

Antici.inai, (Gr. niiff, onoppo.site sides, 
and (lino, 1 bend),— Applied to strata 
which dip in opiiosite directions from a 
couinioii ridge or axis— like tlie roof of a 
house— and form what is termed an 
“ anticline ” or “ saddle-hack.” 

Antiskitic (Gr. anti, opposed to, and 
upo, I putrefy). — .Substances which, 
like salt and tannin, prevent putrefac- 
tion in aiiinuil and vegetable sub- 
stances, are said to be aiitiseiitic. 

Apatite (Gr. apatc, doceplivu),— A genus 
of calcareous earths composed of .%.75 
lime, and 44.25 phosphoric acid ; hence 
known as phosphates of lime. Tliero 
are several vai'ieties, hotli massive and 
crystallised, distinguislied by tlieir frac- 
ture, &c.— ns foliated apatite, conclioidal 
apatite, and phosphorite luiving an un- 
even fracture. 

Apiociunite (Gr. apion, a jieiir, and 
encrinik). ~ A species of eiicrinite dis- 
tinguished by its pear-shaped body, and 
peculiar to tlie oolite and chalk systems. 

AnENACBoua (hat. arena, sand), — Hocks 
compo-sed of grains likesaiid, or contain- 
ing sand in any notable degree, are said 
to be arenaaouf. 

Aiuitt-LACKOns (L\ii.argilla, clay).— .Ap- 
plied to all rocks or substances com- 
posed of clay, or having a notable pro- 
portion of clay in tlicir composition. 
Argillacaous rock.s are readily dlstin- 
gitislicd hy the jieculiar odour they emit 
when breathed on. 

Artesian Wells.- Wells sunk by boring 
perpendicularly through the solid strata 
—a method long known and practised 
in the province of Artois, the ancient 
Artesium, in France. Many of the Ar- 
tesian wells In London and I’uris are of 
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erent depth-tliat \n the Plain of Gren- 
elle being a\)0\it 1«00 teet deep, bore 10 
inches in diameter, discharge 517 gal- 
lons per minute, and temperature of 
water S'2'' Paiir. 

AnTifui.ATA (Lat. articulits, a Joint).— 
One of the four great divisions of the 
animal kingdom, including all the inver- 
tcbrala witli jointed bodies— as insects, 
Crustacea, spiders, worms, <kc. 

Asai’iu's (Gr, nmphei, obscure). — A 
geiiu.s of trilobites, and so called from 
the obscurity which long rested on the 
true nature of these Crustacea, which 
were at lirst confounded with insects, 
and termed Enlowolithus, 

Asuksths (Gr. a, without, and ibesfoi, 
consumable or extlnguisliable). — A 
fibrous, flexible vtiriety of hornblende or 
aiigite, used by the ancients in the 
manufacture of an incombtistihle cloth ; 
lienee its name ashstmt, unconsumable. 
There tire several varieties, as avimii' 
thus, }i> OH II tain-cork, mouhtain-umd, 
inoH Ilia in -U ather, Ac. 

Astkkoidea (Gr. asiron, ft star, and 
cidos, form),— Apiiliud to startislies. 
An order of eobinoderms xvith one 
opening to the alimentary canal, and 
of rayed or star-like structure. 

Aiooi.s. — 'I'he name given to coral islands 
of an annular form— that is, con.sisting 
of a circular belt or ring of coral, xvith an 
enclosed l.agoon. 

Aiioite (Gr. lustre.) — A mineral 

entering largely into the composition of 
many trail and’ volcanic rocks. In com- 
position it is closely allied to horn- 
blende, but ilitTers in the form of crys- 
tal— is less siliceous, and of gre.ater sjie- 
eifle gravity. Known also as Pyrortne. 
Avai.anciiks (h’r. avalangcSylacanchcs). 
— Accunmlatioiis of snow, or of snow 


and ice, which descend frotn precipitous 
mountains, like the Alps, into the val- 
leys beneath. Tliey originate in the 
higher regions of mountains, and begin 
to descend when tlie gravity of tlic mass 
becomes too great for tlie slope on which 
it rests, or when fresh xveatiier destroys 
its adherence to the surface. Aval- 
anches areusiailly distingui.slied ns Drift, 
Rolling, Sliding, .and Glacial. Prlft, 
are those caused by the action of the 
wind on the snow while loose and pow- 
dery : rolling, when a detaclu d piece of 
snow rolls down the steep, licks njv the 
snow over whicli it passes, and tlms ac- 
quires bulk and inqielns a.s it descends ; 
sliding, when the imuss loses itsadliesioii 
to the surface, and descends, canying 
everything before it unalile to resist its 
pre.ssure ; .and glacial, when masses of 
frozen .snow and ice are loosened by tho 
heat of summer and precipitated into tho 
plains below. 

Axis (l.at. «.);(?, a polo or axle-tree).— A 
word used largely and variously in na- 
tural science : applied to the lino ahoiit 
which objects are symmetrical, along 
which they are bent, urouml which 
they lurn, nr to whicli they have some 
common relation ; hence “ vertebral 
axis," “axis of elevation,” “synclinal 
axis,” Ac. 

Ayiiksikv Dimkstonk, — Tlie middle 
mcmlier of tlio l.udlow group of siliirian 
slrntu ; so named from the village of 
Aymestry, where it is exposed. 

Azoic (Gr. a, witliout. and :oc, life).— 
Applied to the lowe.st strata which have 
yet yielded no traces of life. I'scd by 
many as syiionymoti.s witli llypn/.oic, 
Non-fossiliferous, and Metanioijiliic, 
which see. 


B 


Back. — A miner’s term for “joint;” 
hence “ hacks and cutters,” applied to 
jointed structure. 

BAroi.rrK (bat. haculus, a staff).— A 
straiglit chambered conical shell of tho 
chalk epoch ; so named from its straight 
statf-like shape. It consists of nume- 
rous chambers, divided by transverse 
gimious septa, the outer chamber being 
mucli larger tlian the others. 

Balaa'itk (Lat. tiahnms, a liarnacle).— 
The name given to fossiUof the bariiaclo 
family, whoso shells in general consist 
of six principal valves, arranged in coni- 
cal form. 

Barytks (Gr. haryt, heavy). — Heavy 
spar, or sulphate and carbonate of 
baryta : so called from its great specific 


gravity, which i.s about 4, finis being 
the lioiiviest of all the known earlb.s. 

Basalt (Gr. and Lat. husalhs, Init of 
unknown origin, some deriving it from 
an Ktliioidan word, hasnl, iron, ami 
others from als, salt, in alliisiun to its 
crystallised or columnar structure).— An 
abundant member of the traigican group , 
close-grained, hard, u.siially blacli. and 
frequently columnar; llio columns re- 
gular ami jointed. 

Basi.v.— Any concave surface of strata 
dipping towards a common axis or 
centre is termed a batin, trijiajh, or 
iyricline. Tlie tertiary rocks often oc- 
cupy limited aretis, and dip in tliis 
way ; hence “ London basin,” “ Baris 
basin,” Ac. 
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JUTHYMETurf Ai. (Or. hathp, deep, and 
melron, a niensiire). — Applied to the 
distribution of plants and animals 
aloii)? the sea-hottom, accordinB; to the 
depth of the zone (ineaMning from the 
shore) which they inhabit. 

Ukkti K-STONK. — A iiunie given to eop- 
rolitie norhdes of ironstone, Ae., from 
tile fancifiii reaenibliuice of the eoprolite, 
and its radiating lilms of eah'-spar, to 
the body and limits of a beetle. See 
Si'ptaria. 

Relkmniie (Gr. heU-mnon, a dart). — 
An ahiindant eretaeeons and oolilic 
fossil, np(iai'ently the internal hone or 
shell of extinct eephiilapods allied to (ho 
Hcinid atid eutl)e-tl.sh. Belcinnites are 
usually found a.s straight, solid, tajtering 
fossils, Imt occasionally the n|>per or 
clitimhered portion is attiiched, and 
even, in somo instances, tho cidonriitg- 
malter of the ink-hag has not hctai 
altogether obliterated. 'I’lie of tho 
comiiion stiiiid is a. “lender, insignificant 
organ cotiiparod with tho helcmnite 
and its extinct congeners. 

lluHO-MAiii. (Swedish).— Literally moim- 
tiiin meal, a recent infusorial earth of a 
whitish colour and mealy grain, said to 
be eaten by tho I'inns and Lapl.-mders 
in .seasons of great scarcity; lienee tlic 
name. 

Ritomev (Or. fiitux, the pitch-tree). — 
Mineral pitch or tar. As a class, the 
Itilunicns are inrtnmmable mineral 
sulistanccs, whicli burn like pitch, 
with much .smoke and (lame. Naphtha, 
jietroleum, and nsphalto are familiar 
examples; and snh.stancc8 impregnated 
with them, or which yield them on 
distillation, are said to he hituviiiioi‘<t, 
tliougli biliimiiiiftmis would he the 
more appropriate term. 

Hititminolh (.w Jlitiimen).— ronfaining 
hitimien, or having the properties of 
bitumen ; biliimini/emis, yielding bi- 
tumen naturally or by distillation; 
bitnminoted, impregnated or jtrepared 
with liilmiien ; biluminixe, to prepare 
or coat witli bitumen ; .and bitiniiinina- 
//«»,thc natural )iroi'Cs.s of being con- 
verted into hifiiminoiiH matter. 

lli.ACK- n.\ND. — A Scotch miner’s (erni 
for those ironstones which contain coaly 
matter sufficient to calcine the ore with- 
out atiy artilicial addition of fuel. Sec 
Ironstone. 

lIi.At K I KAD. — A fatiiilinr term for 
graiihitc, from its rescmhiaiico to tlie 
metal lead ; called nl.so, for tlie same 
reH.“on, plimibajio. 

llr.KNOK (tier. bleiKkn, to dazzle).— A 
tenii apidicd by mineralogi.sts to .several 
mitierals having a peculiar lustre or 
glimmer— its hornblende, zinc-hlendj, 


&c., but now chiefly applied to a mo- 
tallic ore of zinc, the siilplinret or black- 
jack of the English miner. 

Blukk.s.— An American term for high 
hanks pre.scnting a precipitous front to 
tho sea or u river. 

B01.K (Or. bolos, a clod).— Applied to a 
friable clayey shale or eartli, usually 
highly coloured with oxifle of iron. 

BoTHKoniK.vDnoN (Or. both res, a jiit or 
cavity, and (Jendrori, tree).— A geiiin 
of coal-nieastire stems with dotled .sur- 
faces, and distingiii.shed from sigill.iri.a 
nnd stigm.'iria by two opposite rows of 
deep oval concavities, which appear lo 
litive been made by the bases of large 
cones or seed-bracts, 

BoTHYotoAt, (Or. bolryg, a bunch of 
grapes, and ridos, form).— Applied lo cer- 
tain concreliomiry forms, .as those occur- 
ring in the niiigne.siati limcsionc.s of Dur- 
ham, tho hii'tnatites of Westmon land, 
Ac., which resemble clusters of grfi]ies. 

Pour.DER.s.— Any romuled or water-worn 
blocks of stotie, which woidd not from 
llicir size l>e regarded as pebbles or 
gravel, iirc termed bimlden. The name, 
however, is generally re.slrictcd lo the 
large water-worn and smoothed Mocks 
found iinhedded in the clays and gnivels 
of the “ Drift formation.” 

BnA< HiorooA (Or. bceichi/s, an arm, and 
poKs, podos, a foot).— A mimerou.s 
order of molhisca, including e(|ual and 
niiccinal valvcd geritua, with spiral 
arm-like organs on each side tlic iiioutli, 
e.[i. terehrnUilii, spirifor, Ac. 

IlRKcc tA (Ital.,a cninih or fragment),— 
A term applied to any ruck compo.seil of 
ati agglutination of angular fragments. 
as“volcnnichreccin,” “os, scons breccia,” 
Ac. A breccia or brcrciakd roek dif- 
fers from a oonglomeriite in having its 
component frngnienls irregular and 
ntigukar, whereas the pebbles of the lat- 
ter are rounded and water-worn. 

B now N- Co At,. — Another name for ter- 
tiary lignite, in allusion to its colour, 
ns distingui.siied from the clear Rhiuing 
black of true coal. 

BiiYozoA.— (Or. bryop, mo.sH.nnd zoon, an 
animal).— This term emhniccs all the 
minute mollusca which inliahit com- 
pound structures, atid wliicli were for- 
merly regarde<l ns zoophytes or coral- 
lines. The term refers to tlieir branched 
and moss-like aggregation, 

Bc.vri:a (Ger. variegated).— The Ger- 
man term for the new rod s.'indstunc, in 
nllnskin to its variegated colour. 

Bur RH STOVE or Hvrr-stu.vk.— A por- 
ous siliceous stone of a whitish or cream 
colour, obtained from the tertiary beds 
of the Baris basin, nnd used in the 
manufacture of mill-stones. 
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Cairvoorm. — A yellow or amber col- 
oured variety of roeU-crystal, so called 
from beiii.i? foiitid in «reiit perfection at 
Cairni'oriii, Aberdeonsliire. 

Calamitk (bat. a reed).— A 

reed- like jointed stein, allied (o the 
cquisetiiin, ahoiiiiding in the eoal-mea- 
Bures. 

CALOAinK fjRossiKn (Fr., literally coarse 
liniestniie).-- An imporlant inenilter of 
the low( r tertiiiricB of the Paris basin. 
CAr.cAUKon.s (Lat. calx, colcix, lime).-— 
(kmiposed of, or containing a consider- 
able portion of lime. 

f'Ar.rnnoNV (hat. cahrilovhut, found at 
Caleeiion),— A semi-transparent .silice- 
ous miiiei'fil, allied to tlie opal and 
aKafe, and often found associated with 
them in geodes and vein-bands. 
Cai.ymknk ((Jr. WWW nc, concealed, 
obscure).— A genus of trilobites, deriv- 
ing its name from the (discurity whicli 
long hung over the real nature of these 
crustaceans. 

CAi.voy.nic (Cr. kninog, recent, and tor, 
life). — The upper slratitied .systems 
holding reeont forms of life, as distin- 
guished from mcgoc/iic nmljnih/'iixoic. 
Cambriav and (.'lumRiAV.— Terms ap- 
plied by I’rofes-sor Sedgwick to tlie 
strata which lie lioneath the true Silu- 
rian Kystem, from their occurring largely 
in Wales (Camhria) and in (-'umher- 
land. 

Ca.vnki. Coal.— A compact, brittle, jet- 
like variety of coal, sonoroii.s when 
struck, breaks with a conchoidal frac- 
ture, and does not soil the fingers when 
handled. So called from the candle- 
like light it yields when burning. 
Caiiadoo Sandstonk. — A member f>f 
the lower or middle Silurians, typically 
dcveloi)ed in the Caradoe hills. 
Cariionackoi's (Lat. carl 0 , coal). — 
Coaly: applied to rocks containing 
abundant traces of fossil, carbon, or 
vegetable delnis ; hence carbonaceous 
shali'S, sand.stones, kc. 

Carronib Eiioos (Lat, carho , coal, and 
fern , I yield).— Coal-yielding or coal - 
bearing. The term is ii.su.illy applied to 
that system of strata from whieli our 
chief supplies of coal are obtained. 
Carnki.ian (Lat. ctm>, corwii, flesh).— 
Applied originally to a flesh-coloured 
variety of caleedony, hut now a lapi- 
dary’s term for the more transparent 
varieties, whether brown, red, yellow, 
or white. 

Carpolithks (Or. carjm , fruit, and 
lilhog, a stone).— The general terra for 
fossil fruits, such as those that occur in 


the tertiary clays of tlie London basin, 
in the coal .shales of Newcastle, iVe. 

Cat \ i i.YS.M (Cr. lenttikh/gnint, inunda- 
tion).— Any violent flood or inundation 
is so tei'iiicd ; deluge ; debacle. 

Catkn'ii'Ora (i.at. catoui, a chain, .ami 
jiorn, a pa.ssage).— Clminimre coral, a 
species peculiar to pal.To/.uie strata. 

Cki’uai.asimk (<ir. kejihole. head, and 
nuph, buckler).— A lish of tie; old red 
sandstone ; so called from tlie buckler 
shape of its bead, the tmnns of which 
seem to have been united into a singlo 
piece or case. 

Ckimialopoda (Cr. hphnle, head, and 
pons, poiloa, font).-- The higbe.sl class 
of molluscii, willi foot -like organs 
around the inoiitli or head, as the cut- 
tlc-fl.sh and naulilu.s. 

Ckratitks ((Jr, kerag, a horn). — A 
family of triassic chamherod oepliala- 
pods, distinguished from the ammonites 
of the superiiicuiiibent lias and oolite, 
by the absence of foliated sutures— the 
de.scending lobes lerminiiling in small 
denticnlations pointing inwards, 

CiiALYMKATE ((Jr, clml'/hg, iron).— Im- 
pregnated with iron ; applieil to springs 
eoninining iron. 

Chkrt. — A mixed siliceous rock, or 
rather flinty portions occurring in other 
rocks, as iimestone. A limestone so 
siliceous as to be worthless is said to he 
“ eherty." 

Chiastolii'k ((Jr. rhlaglng, marked with 
the hitter j;, or cleft, and tilling, 
stone),- A mineral whose crystals are 
arranged in long four-sided prisms, and 
often cross and lie over ciieli other in 
oertuin clay-slates like the letter x,- 

(Jiii.oRiTK ((Jr. chlorog, Kl•ee■lli^ll). — 
mineral occurring in the graiiitic and 
metamorphie rocks, often in thin scales 
like iniea, more frequently dissemi- 
nated tlirungh or coating the lamina* 
of tlie schists in wliieh it occurs— c. </. 
chlorite sebist. 

Chokk-dami*.— miner’s name for car- 
bonic acid gas, as distinct from //ir- 
(liimp, or liijht carburetted liydrogcn. 
N’lC After-damp. 

CiioNORiTHS (chomlrug, a species of sea- 
weed).— Fossil marine plantsof llieelmlk 
and other formations; so called from 
tlicir resemblance to the existing c/tort- 
drug. 

Clavstonk and Clavstonk-pouphyry. 
— Felspatbic igneous rocks of a hmgli 
but earthy texture. 

Ci.KAVAOK.— A fl-silc structure not coln- 
cideol with (olteii at right angles to) the 
original lamination or bedding of the 
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strata in wtiich it occurs. Prevalent in 
clav-slatos : lienee their peculiar fissility. 

Cm.v KHTo.v K.— A species of basaltic Kreen- 
stone; so called from its ritiKimr sound 
under the haninier. Same as I'honolite, 

Coi,or.nKK ((ir. colon and Uthos).—A 
name ;;iven to certain tortuous and con- 
voluted inte.stinal-like masses aud im- 
pressions, 8U]iposed to 1)0 either the 
potrilied intestines of (ishes, or the con- 
tents of their intestines, still retaining 
the form of the tortuous tube iii which 
they were lodged. 

Com iiktionaky (Lat. ro«,'and erdus, 
grown together).— Nodules like those of 
chert or iron-stone, the grains and spher- 
ules of oolite, and the grape-like clusters 
of tlie magnesian limestone, are termed 
concretions, as formed by a molecular 
aggregation distinct from rri/dalUsoHon. 

CoNi'KUviTKs.— Fo.s-sil plants apjiarently 
allied to the a<|uatic conferv.o. 

Co N CO a. MAiiM';. -Strata or groups of strata 
lying one above another in imrallel order. 

Co.NOF.o.MKUAi'K I bat. (VO), together, and 
(ilominiri, to gather in roiiml heaps).— 
Hocks composed of consolidated gravels ; 
known also aspoih/f/oi-sfc/c.',', from the 
rcscmhl.'ince of the pehlile.s in the m.ass 
to tli(> fruit in a plnm-pudding. 

Co\TK K u .1;.— Cone-bearing : applied to the 
pine tribe, whose seed occurs in cones, 
as the lir, yew, arnnearia, Ac. 

CoiM’ic II A s I t ier. )!-i)/o;v-ico .«,<!.■)•).— The fa- 
miliar term for. siilpliato of iron. Tliesiil- 
pliiileof copper occurs in blue, and tlie 
sulphate of iron in green cry.stals; hence 
apparently the term copperas. It is pre- 
pared hy moistening the pyritoii.s .shales 
(siilphiircfs of iron) which are found a- 
hiiiKhuitly ill the coal meiisiires. Aic., and 
exposing them to the air, when o.vida- 
tion lakes jilace, and the siilphiint 
is converted into the sulphate of iron, 
which is hiil).se(iiieiitly dis.solved .and eva- 
porated, to procure it in the crystallised 
state. 

Coi'Roi.iTK (Or. kopron, (iuiig, and lUhos, 
stonci— I’etrilk'd excrements or dung- 
stone. Coprolitcs are found in all the 
.secondary and tertiary strata, and apjiear 
to he the voidings chietly of sauriaiis and 
saiiroid lishes. In many instances they 
contain fragments of scales, shells, &c., 
flu! iindigc.stcd portions of the prey of 
tlicsc xoracioiis aiiimal.s. IMatiy speci- 
mens exhibit on their surfaces the corru- 
giitions and va.scular mipressions uf the 
intc.stiiics; and massi's of coprolites have 
been detected in situ Mitliiii the ribs of 
lias.sic ichtliyosanri. 

Con A I, it.r. /oro/fnml.— The coniprelien- 
.sive term for .ill calcareous structiireB 
secreted hy the marine asteroid polyiies 
or zoophytes. Corolloid, having the np- 
pearance or structure ofcor.il. 

ConAL-unKK.— The term applied to the 
aggregate mass of coral structures. The 


zoophytes being gregarious and in my- 
riads, these structure.s are spread over 
vast areas of the southern seas in Imig 
iian-ow ledges or “ harrier-reefs," aiuj 
in circular ledges or “ atolls,’’ according 
to the nature of the sea-hottoiii and the 
depth (from 110 to t!0 fathoms) tlicy in- 
habit. 

CouMiRAHH. — A coarse shelly liniestonu of 
the upper oolite, said to derive its name 
from the facility with which it disinteg- 
rates and breaks up (brashp] for tlieinir- 
pnses of corn -land. 

C’os.xiicAi, (Gr. lomof. the world).— Relat- 
ing to the world or univer.se. 

Cosxiouo.NV (Gr. kofnio/t, world, .and 
origin). — Heasoiiing or speculation as to 
the origin or cnnition of the universe, 

Cos.mouhai'HY (Gr. komos, world, and 
Ijroyiho, I write).— The science wliicli 
treats of the several parts of the world, 
their laws and relations. 

Cosxroi.ouY (Gr, koxom, workl, .Mini 
liiiios, rea.soning). — The science that 
treats of flic laws which govern the 
pliy.sical universe ; the study of tlie 
world in general. 

Chau (Celt. emoMu, ,shell).-A shelly ti r- 
tiary deposit of the pliocene and mio- 
cene ejioclis, occurring in NorfoUi and 

^ fSntlVilk. 

CuAo A\ii TAir. ((iroi'prly “ craig and 
tail’’).— Applied to the form of .second- 
ary hills common in Hrittiin, where a 
hold precipitous front is exposed to tlie 
west or nortli-west, and a slo]diig de- 
clivity towards the east. 

Ckatku (Gr.ftmtfC,a ciii> or howl).— Tim 
mouth or oridee of a volcano ; so called 
from its cup or bowl-like slia]ic. 'I'he 
craters of volcanoes have in gcner.al one 
side a little lower, owing to the prevailing 
winds carrying the greater portion of the 
light material (.scoriie and ashes) to the 
oiiposife side. 

Cai.voinKA (Gr. krinon, lily, and ddon, 

, form).— -Literally lily-shajied ; applied 
to a cin.ss of fo8.sil echinoderuis, having 
lily-like bodies supported on jointed cal- 
careous ijalk.s. 

Croc. — T he edge of any inclined stratum 
when it comes to the surface is called 
the croji or out-cro/>. 

Cin'STAL(Gr. kiy.daUoit, ice).— Originally 
appliwl to transparent gems, hut now 
c.\tended to all minerals having regular 
geometrical foniis. Vryfitnllisi'd, baling 
the structure of a crystal ; ('rj/slaUinr, 
confusedly crystallised ; and.sut) rr, )/.«!((/- 
fine, indistinctly or faintly crystalline. 

CTE.voin,CTK.\oiDKA.v (Gr. kteio, a eoiiih, 
and eidos, form).— Tlie third order of 
fishes in Agassiz’ arrangeiiient. ’lliey 
are distinguished by their scales, which 
are jagged or pectinated (like the teeth 
of a comb) on the iioaterior margin. 'I'lie 
ctenoids appear with the chalk epoch : 
the perch is an example. 
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CiFi.Ji (Welsh).— All inferior stony or shaly 
untliracite which burns with little llaiiie 
and einils a (li.siu;reeal>le odour, 
Ci'F’RKssiM'iKs (('K/inwiM, the cypress- 
tree).— A Ken us of fo-isil fruits, evidently 
allied to the cypress order. 

(’ei'RiKKRuus (Lat. fu/inim, copper, ami 
Jh'u, 1 yielii).— Vieldinf; or contaiiiiiif,' 
copper. 

('yt Aurrus.— h’ossil plants of the younRcr 
.secondary epochs, allied to the cycas 
and zaiiiia. 

Cvct.uiii, ( 'ycloidka V (fir. a/clos, a circle, 
and th/os, foriii). 'I’lic fourth order of 
tislics ill Aycissiz' arranneiuent. They 
are distinguished hy their scales, which 
are rnundeil, suiooth, and simple at the 
inargiu. The cycloids are chietly tertiary 


and recent species : the salmon aiid her- 
ringareexainjiles. 

CvPHi.s. — A family of minute crustaceatis 
having two flat crusts or valveshke those 
of a bivalve shell, and inhahiting the 
waters of lakes, marshes, and esliiai ics. 
Fossil specie s occur in all rocks, from the 
lower coal-measures uiiwards, 

CvsTiDK.K (dr. ci/slui:, a bladder). — A 
genus of, Silurian echiiioderin.s, so eallod 
from their bladder-like sliape. 'I'liey 
appear to have been .sr-ssile, and not 
free floating, like tlie cidat is and seu- 
iirehin. 

Cv.sriiMiYM.rM (dr. c/Avt/s, a bladder, 
anil phi/Uuui, leaf). A ecmis of Silurian 
enrais, externally striated, and internally 
coiuposed of small bladder-shaped cells. 
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DKitArt-K.— A French term originally 
signifying the hreaking’' up of the ice on 
a river— a fresliel; hut now a| plied to 
any .sinlden Hood or rii.sh of water xvliieh 
hreak-s down ojiposing harriers, and 
hurls forward and disperses blocks of 
stone and other dehri.s. 

f)KniiiH (b'r. wreck or waste).- A eonveni- 
ent term, adopted from the French, tor 
any accuiiiulatioii of loose material arising 
from the waste ot rocks ; also for drilled 
acciiiiiulatiuii.s of vcgetahle or animal 
matter. 

Dkuiiadatio.v fLat. ib', down, and i/rai/ws, 
step).' Removing or wasting down step 
by step. 'J'lie degradation of hills and 
ciiHs is caused hy at iiiosplieric and aque- 
ous agency ; hence water i.s said toexert 
a dcjrwiinn inllueiice on tlie earth’s 
crii.st. 

Dki.nou.ms, Hinoh.vis (Gr. ihinos, ter- 
rible, and oriiix, bird). — A gigantic cur- 
sorial bird, who.se remains have been 
discovered in a .stih fossil state in the 
river-silt of New Zealaml. • 

Deinosai'Iiia (lir. di'iim, terrible, and 
gnurai), lizard) —The lingo sanrians of 
the Oolite and Wcahlcn are so termed. 

DkinoThkkii'm ((ir. lUinos, ternhle, and 
ihiriou, wild hea.Ht).— A huge prolio.sei- 
dean paehyderm found in tlio mioceno 
tertiarie.s of Fiance and Germany. Its 
zoological position is not yet distinctly 
ascertained. 

DkI/TA.— T he alluvial laud formed at the 
moinh of a river, such as that of tlio 
Nile, xvhicli received this name from the 
resemblance of the space enclosed by the 
two main branches of the river to tlio 
Greek letter A, th lta. 

TlKMJiiKReKTo.v (Gr. dtndron, a tree, 
and erjxlon, a lizard).— A small lizard- 
like reptile from the coal-measures of 


Nova Scotia ; so n.anied from its being 
found ill the hollow of a fos.sil trunk. 

DK.VDiurir (Gr. ihiiilroii, a trei').— Ap- 
jiliod to certain hrancliing moss like aj)- 
jiearaiices, wliieli oceuron the surfaces of 
the llssiires and joints in rocks. They 
iire apt to he icistakeu for fo.ssil vegeta- 
lioii, hiif are .strictly inorganic and of eliu- 
inieal origin. 

Dkni-datio.v (Lat. i/c, down, and midiis, 
naked). -l,aying hare by removal. The 
removal of siipertleial mailer, .so as to 
lay liare the inferior strata, is an act of 
denudation ; so also the removal hy 
xvater of any formation or jiart of a for- 
mation. 

Dkposit (l,af. d,\ down, and pofitvs, 
jilaeeil).— Applied to mailer which has 
settled down from suspension in xvater. 
Jiliid, sand, Ac., are dciio'its, and are 
Usually distiiignished hv the positions in 
w Inch they occur, as tluviatilc, lacii.strine, 
marine, sVic. 

liKitiiY-.seAH.— A famili.ar name for fliiate 
of lime or llur-spar, from iis occurring 
ahuiulanlly in the Derliyshiie lime- 
Htoiies. Sii- Fluor spar. 

Dkiriti's (I.at. </c, down, and triliiii, 
rubbed or worn). .\n appropriate term 
for iiecuimilations arising from the waste 
of e.xposed rock surfaces. 

Ubvo.vian.— A synonyme of the Old Red 
sandstone which Is tyi>ieally developed 
ill Itevonshire. 

Diam.auk (<ir. diall<i(ii\ interchange),— 
A siliceo-magnesian mineral, liaxing a 
laminated or liladed cleavage, and so 
called from its eliaiigeahle colour. Forms 
diallage rock, and enters into the eom- 
po.siti()n of serpentine, tsrime as .Schiller- 
spar, w'liieli sec. 

Diamo.nd (Gr. unsiihfliied).- 'The 

diamond ; so called in allusion to its 

U 
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liarflness. The diamond is the most 
precious of known Kt!”'-'* ; chemi- 
cally speaking, is crystallised rurhon. 

DK'OTYi-Kno.vors ((ir. dh, double, and 
Cdti/ledoii. seed-lohe).— A Krand division 
of the vc.-Kctalile kini{dom, comprising all 
tlioso plants wliose seeds are composed of 
two lohes or seed-leaves. They are exo- 
genous, or increase by external layers of 
growlh, and the ven:itioii of their leaves 
is reiiculiited or nct-liku, and not in pa- 
rallel oriler, as in monocoty ledonous en- 
dogens. 

Dir.trvii'M, DtM'vrAi. (Lat. asunder, 
and liure, to wash). — Ailuviiini (which 
see) Iia.s been de.scribed as the term usu- 
ally ajiplied (o malter brought logetlier 
by the ordinnrii operations of wati'c ; 
diluvium, on tlie other hand, is regarded 
ns implying the ('xiruoriVinurij action 
of wato". In Ihi.s sense it was at one 
timo restricted to lho.se aisaimnlalions 
of gravel, .siippo.sed to have been the 
cnnsi‘i|ii{;nce of the Xoachi.'in deluge ; 
but it lias now a wider signilicalion in 
Geology, being apidied to all ma.sscs ap- 
parently tlie result of powerful aqueous 
agency. 

1)11’.— Tlie inclination or angle at which 


strata dip from tho plane of the horizon, 
or level. 

Di.sintkoration (Lat. t/iii, asunder, and 
integer, whole).— The breaking a.smiilir 
of any whole or solid malter. Tlie dis- 
integration of rocks is caused cliiedy liv 
tlie slow action of frosts, rains, and other 
atmosjdicric iidhience.s. 

Dookritk (fir. doleros, deceptive) 
variety of greenstone, composed of Icl- 
spar and augite ; so called from the 
difficulty of di-scriiiiinating tliese com- 
pounds, 

DonoMiTK (after Dolomicii).— .t term 
for crystalline niagnesiaii limestone, as 
dfstingiiLsIied from the earthy varieties. 

Domite.— A graimlar.arenacemis Inokine, 
vairiety of trachyte found in the i’liy du 
Dome, Auvergne ; lienoe the name. 

Dii.vE(nrit.a liill).— Usually apidied to hil- 
locks of blown sand. &iiid-dinn'ft, anvd- 
drift. 

Dvkk (.Scot, a wall or fence).— Apfdicd to 
tho.se wall-like intnisioiis of igneous 
rock which fillup vein.sand fissures in 
tlie slraiiticd sy.sti Mis. In general, tliey 
burst tliroiigli and displace tlie .siraia, 
tiuiugli occa.sioaally tliey merely fill up 
runts and ILssiires. 
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Kchinttk (Hr. cehinnf, nrchin).— A term 
for any fossil eeliinodenn. 

Kciii.nodku.m.ata (Gr. erhinos, urebin, 
and dtritm, skin).— nunicroiis class, 
recent and fossil, of radiata like tlie 
Star-fisli and sea-urcliin — all less onnoro 
covered with a tinn coriaceous or crus- 
lacooiis integument. 

Ekim.ohkhi K\CK (Lilt, ejlloresro, I put 
fortli rtowi.Ts).— Applied in mineralogy 
to those saline excrescences wbicli cover 
certain minerals, like alum shale, siil- 
pliuret of iron, \c., xvlien exjiosed to 
the action of the atmosplicre. 

Et.AficiuTK.'-Kla.stic mineral pitch, or 
c.'ioulclionc. Masses of hitimicn pos.se8s- 
ing a ceitain degree of ela.sticity are 
often found in tlie crevices of carboniftr- 
oiis liniestonc.s. On long exposure to tho 
iiir elalentc becomes hard and brittle, 
like asjibalte. 

Ki.va.v, Hi.van roi!RSK». — a Cornish 
name for a felspathic rock, occurring 
in dykes, in the mining districts. 

E.'VAI.io.'.ai'hia (Gr. enaliot, marine, 
/niunin, lizard).— Literally sea-snuriiins : 
a fossil gi'ouji of reptiles, including tho 
aqii.atic forms— ichthyosnurus, plesio- 
saurus, i^C. 

Eni'Himtes (Or. hrinon, a lily).— An 
c.xtensive cla.ss of bv-sil rmliata, having a 
long jointed stalk, snrmnnnie<l by a lily- 
shaped hrancliing body. The internal 
calcareous skeletons of the eucrinites 


are so abundant in some carhonifernns 
limestones as to compose the greater 
portion of the ma.ss ; hence tlie term 
eneriaal or oierinitol Ihuestove. 

E.’snouic.vs (Gr. endon, within, giiumai, 
J am formed).— That division of tlin 
vegelalde kingdom wIiikso growtii takes 
place from wiiiiin, and not liy external 
ooneentric layers, a.s in llio Erogens. 
Hie Monocotyledonoiis. 

K.vimiuk.mte.s.— F ossil stems exliiliiting 
the einlogenou.s structure are .so termcil. 

E.nto.mostkaca (Gr. i iitiiiitiDi, in.sect.aiid 
ihdrnkon, shell). — Literally, slielled in- 
sects ; an extensive division of crustiicea, 
termed as contrasted witli llio .soft- 
bod ied main eostraea . 

liNTROcni (Lat. trvehu?, a wheel).— A 
name given to the whccl-like J(>ints of 
the meriiiite. which are fi tqncnily scat- 
tered tlivongli certain linastoncs ; lienee 
entrochal viarlde, «Sr .'jt Cuilibert’s 
beads. 

EocKNKfGr. I'os, dawn, and kaitios, re- 
cent).— ,Sir C. LyeH’s term for tlio 
lowest group of tlie tertiary system in 
wbicli the dawn of rcecnt life appears. 
The iier-ccntage of recent sliells in tlie 
group is from ,1 toff; in tlie Mioeence 
from 18 to 24 ; and in the I'liocene from 
to (ill. 

EiiiiisETiTK.s (Lat. eiininihnn, the plant 
horsetail).- Fossil plants ifsemhling the 
equisttum of our pools and marshes. 
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Ebkmaoaiim8(Gt. creme, slow, aoVitary, 
and /(((M.’is, buriihin).— LkliiR’B term for 
slow cheiuical ebange ; decay. 

Eriutii' iiLocK (immi'.— \ nynonyrae of 
tlie boulder clny, so called from tbe 
large tranHitortud blocks wliicli are 
thickly strewn tbrougb it. 

F.scaiicmknt (b'r. rmtr jtir, to cut steep). 
- - The iibrupt face or cliif of a ridge or 
hill ninge. 

Ksti aky (bat. re.vbw— toboil—tbo 
tide : so called from tbe troubled boiliiig- 
up oftlie watcr-linu wbicb iiiarks its ap- 
proacli).— l''-siuaries are, properly s|H.*ak- 
iug, tidal river-inoutbs, like tbo.se of tlio 
Tliaiiie.s, Severn, .Solway, itc., whose 
fauiia ,'iiid tlorii .are inixod fn>.sb-wuler 
aiul marine. 

Ei'OMr HAt.t’s (Gr. eu, well, and omjihalon, 
ilie navel).— coiled nautiloid .sbtdl of 


tbe mounhin limestone— tbe colls not 
being in the same plane, like tbe tim- 
monite, bence its nmbiiical shape. 

Exohkns (Gr.c,ro, witluait, and (/iaomni, 
I am formed).— 'I'bat division of tbe 
vegetable kingdom wliose growth takes 
place by external concentric layers. 
•SVtr Dicotyledonous. 

Exooknitks, - Any fragment of fossil 
wood exhibiting (lie exogenous striie- 
turc, and otlicrwise of unknown allinity, 
is so termed. 

Exrvi.K (bat., east el oil u’s).- In Zoology 
this term is apidieil to tbe nioiilteil or 
cast-oH'eovering.sof;iiiim.als, sin b a.s llie 
skin of Die snake. Hie eriislof the erah, 
Cte. ; but ill (teology it lias a soiiiewliiit 
wider sense, and applies to all f(is.sil 
anirmd imitter of wbatever description. 
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I'Af'ET (I'V. faiylh:, a little face).— Aji- 
pliud to tlio small terminal faces of crys- 
tals and cut gems. 

Faiiks (bat .)- a convenient term re- 
cent ly introduced to express any com- 
mon resemblance or aspect among 
strata, fossils, minerals, and tbe like. 

Fai.ciioirm (bat, /n/.c. a reaiiing book, 
and /onno).— Hiapod like a seyllio or 
reaping-book. 

Fai.i.'.ns.— A b'ceneli provincial ti'nii for 
tbe slielly tertiary strata of 'J'oiiraine, 
wbicb resemirle the “crag” of Norfolk 
and .‘'iitfblk. 

FAin/r.—Tlie term for any fis.suro aceotii- 
[laiiied by a ilisplaceineiit of tbo strata 
on citber side. On one side Die strata 
may lie tlirown down many fatlioiris, on 
tbe Ollier thrown up ; and, at tlie .same 
time maybe altered in their dip or in- 
clination. 

Kai'na (rural deities).— A convenient 
term for tlie aniiunlsof any given epoch 
or area. 

I’avositks (bat. /onas, a lioiiey-cnnib).— 
A genus of Silurian se.'*siie- spreading 
corals. 

FAvri.AUiA (bat. finnism, boney-coinb- 
0(1).— A gi-mis of coal-measuie plaiifs, 
liaving furrowed stems, and sipiaro- 
sbapeil leaf scars on the ridge.s. Tbo 
favularia, like tbe lepidodeinlri.ti, seems 
to liave licen clotlied with densely im- 
bricated leaflets. 

Fki.si-ak. (Ger. rock-sp.ar).— A siiii'eoiis 
mineral, eoniliined vv'itli soda or potash, 
and vurioii.sly eoloiiivd, wbicb enters 
largely into tbe eonipo.sitioii of all 
igneous rocks— granite, porphyry, green- 
stone, and trachyte. 

Fki.si'Atiiic.— i'ompo.sed of, or .abound- 
ing in, felspar ; ai.plied to certain trap-s, 
porjihyries, cliiystones, iVe. 


I’KiiRt'mN'ons (bat. firrum, iron).— Im- 
pregnated with oxido of irnii ; J'l iri- 
iVriivK, yielding iron. 

Fill Kci.AY. -.\ny clay capable of resist- 
ing a great beat witboiil slagging or 
vitrifying. This [irofierly arises Iroiii 
Hie absence of any iilkalii.e earth to net 
ns a Hnx. Kire-clu\s iibonnd in the 
eoal-ineasures. 

Firk-oamp. -A n)iiicr'.s term for light 
r.ailniretted bydrogeii, which, when dif- 
fii.sed in tlio atmosphere of tlm coal- 
working.s to the exieof of one-thirleeiitli 
by volume, becomes explosive, lifct 
( 'boke-daui|i. 

Fiiikstovic.— Any stone tb.at stands bent 
without injury; generally a]iplied to 
certain cretaceous and oolitic saml- 
stones employed in tbe coiistrnctioii of 
glass fiiniaees. 

Flaostonk.- A (piarryman’s term for 
any fissile .“aridbtoiie like tlio .\rhroatli 
liaving-Mtooe. 

Fi-int (.sjax.), or siliceous cartb, ns it 
(iceiirs ill nodules in tbe chalk, eoniains 
aliout ilH pi r cent of siK x, w iih I races of 
lime, iron, and water. 

Fi.onA(Llie goddess of flowers).— A con- 
venient leriii for the vegetaiioii of any 
given epoch or area. 

FndTz (tier.) -.V term njiplied by Werner 
to the .secondary strata, lieeaiise they 
weretlbtz, or Hat lying, compared witli 
the primary and transition rocks. 

Fneon-KPAU (bat.)— Fluate of lime, eop- 
.siating of Ii7.7rj liino and b'J.'J.’) liiinnc 
acid. It o(;cur.s either in cry.stals, foliated, 
nr earthy and massive. 

Fi.fVtATii.K (bat. /a. nos, a river).— Ile- 
longing to a river, or produced by river 
action. 

Ft.YM u. — k provincial Hwiss term for .a 
scries of dark-coloured slates, marl , 
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and fiicoidal sandstones immediately 
overlyinj,' tlie niimimiJitic limestone. 

For.^mi VIP KKA (liiit./fOv;»nr«, ii pa.ssnpe). 
—A class of minute cliamliered shells, 
liavimja small orilico in the plates or 
sef.ta which seiiaratc the chambers. 

Fou.MATKiN. — Tliis term is often loosely 
used hy fieoioi^ists, but .should be 
restricted to any iissemblafte of rock.s 
connocted !iy geolot'iciil position, by im- 
mediate siiccessioii in point of time, and 
liy oririmic and mineral alHiiities. 

Fosmi, (bat. ftmuii, dug up). - Techni- 
cally applied in (JcoloKy to all petrified 
remains of plants and animals found in 
till! eanh’.H crust. When only partially 
petrified, or recent, the term sub-fosdl 
i.s employed. 


C.AI.K.NA (r,T. (Kilco, f sliiiip).- Snlpluirct 
of ](>:id ; lead-glance— so culled from it.s 
lustre. 

GAi.iaiiTK.s (Laf. ,7,,/,,,, ^ behnet).— A 

helmet-, shaped sea-urcliiii of the chalk 
period. 

(Jan'oii), (ianoidra.v f(ir. .splen- 
dour). The second order 'of fishes in 
Agassi/,’ arrangement, having angular 
seiilcs legnlarly arranged, and covered 
with a .strong shining enamel. Tho 
ganoids are chiefly pahco/oic and ex- 
tinct forms; the hoiiy-pdm of Canada 
find tlio sturgeon are living examples. 

Gas7kiiopoi>a (Cr. l.elly, ami 

poii.s, loot),- A class of molhi.sc.a which, 
like the periwinkle ami garden snail, 
have a distinct hc.'ul, and move hy 
means of a muscular foot attached to 
the lower p;irt of the body. 

Oaui.t.— A provincial tcnii for the chalky 
clays which occur in the lower division 
of the chalk system. 

n KOOKS (Or. pmfc,s, earthy).- Originally 
fip'l'lied to nodules of indurated clay lir 
irnnslone hollow within, or lilled with 
.soft earthy ochre; hut now gener.ally 
to all rounded nodules having internal 
cavities, whether empty or lined with 
eiysfals. 

(Jkoonosy (Cr. .i/c, the earth, and pNO.toi, 
lvnowiedge).--A term invented to ex- 
press absnluto knowledge of the earth, 
in contMidistinetion to (/foloin/, xvhieli 
cmhraces both the facts ami our rea- 
sonings re-peefing them. 

Ckot.oov (Cr. /;c, (|io earth, and loijns, 
dnctniin).— Kmhraces all that can he 
known of the constitution and history of 

^ our idanet. 

(iKosArnrs (Cr. pi*, the earth, and 
mum/, li/ard).— A gi.gantic terrestrual 

^ reptile of the oolitic ejioch. 

CKV.SKn.~An Icelandic term for the 
intermittent boiling springs, or spout- 


Fo.s8iLiKKnoiTs.— Applied to str.ata con- 
taining organic remains. 

FHKKsrovB.— Any rock which admits of 
being freidy cut and dressed hy the 
builder; generally applied in Scotland 
to .sandstone. 

Fircnn>(yMn«.sea-wpcd, and rUo/, form), 
— Fucoids, or fiiciis-like iinpres.siuiis, 
occur on strata of every age, from the 
^ lower Silurians to tbe upper lertiaric.s. 

Fin.f.Ku’a Fahtii.— A term applied to cer- 
tain soft uuefumis elav.s of tbp oolite and 
clialk .sy.slems, from tlieir being employ- 
ed in tlie fulling of woollen.s. Any tire- 
elay, containing from I’D to .’it) jier cent 
of alumina, will act as a grease ab-sorh- 
ent or fuller's clay. 
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ing fountains, wliicli occur in connec- 
tion with the volcanic jilienonietia of tliat 
i.slaiul. 

(if.AciKn (bat. {jlncicn, ice). — Apjilied tn 
those masses ot ice, or of snow ami 
ice, wliieli eollect in the vallevs and ra- 
vines of snowy mountains like tlie Alps, 
and wliieh movi* downward with a pecu- 
liar motion, .siiiootliing till' rocks over 
which they p.i.ss, and leaving mounds of 
_ deliris (mmvi /•//,>•) as they melt away. 

Ci-ANCK.— A Ireipient term of the earlier 
mineralogists — as lead -glance, iron- 
glance, glaticc-coal, Ac, ; it is now little 
u.scd. 

(ii.A.NTK-f'oAr.. — Another name for an 
lliracife, in allusion to its .semi-mutallic 
lustre. 

(ixKi.s.s.— A flerman niiiicr'.s term for the 
gnuiitoid sdiist.s of the oldest orpriniarv 
-strata. 

(iiiANiTK.— biterally grnin-sfoiie ; an ag- 
grocaie of felspar, ipiart/, and mica. 
bre//»V/c, belonging to thcgranileseries; 
(miniUud, baviiig the a.'-peet of granite. 

Guai-iiitk (fir. ./rop/m, ] write).— So 
called from it.s use in making writing- 
pencils. This Rubsianee consists almost 
entirely of pure earhoii witli a small 
per-centage ot iron, the proportions 
being about 1)0 lop. |t is also termed 
l>l>(mhfipo and b/i/cA' /ciof, from it.s ap- 
pearance, tboiigli lead does not at all 
enter into its compusition. 

fiRAi'TouTKS (fir. write, and 

litlio.i, stone). — ( harncteri.stic sihirian 
zoopliytes akin to tlie virgnlaria or sea- 
pen of modern seas ; lienee the name. 

Gkkkv-kahth.-A soft variety of clilorite 
or talc, of a greenish or Ida'ekish-green 
colour, often found coating the cavities 
of amygdaloid, and occurring ns (be 
colouring matter of the "greensand.” 

Grfk.vsa.vo. — Tlie lower members or 
group of the chalk system ; so called 



GLOSSARY. 


m 


from many of tfie beds being coloured griffin),— A boak-shaped inequivalvt'd 

green with clilorite or green -eartli. sliell of the oolite and upijur seeond- 

Gheknhtowk — A prevalent igneous rock arics. 


composed of felspar and hornblende. 

Grevsto.vk.-A variety of trachyte, com- 
[Kjsed of felspar and augite ; allied to 
dolerite. 

tiRKv\vA( KK (Ger. (Irduumckr).— \ Ger- 
man term originally einj^loyed to desig- 
nate the argillo-areiiaceoiia beds of tho 
tratisition rocks, and subsequently as a 
name for the entire transition series. Jt 
is now seldom used. 

Grit.— A ny hard sindstone in wliich the 
grains of (piartz are less-rounded or 
‘‘ sharper” than in ordinary sandstones 
are technically termed (/nfs— as mill- 
slone-grit, grindstone-grit. 

Grvru.Iva, Ghyrhitk (Lai. tjri/ps, a 


ILr.MATfTK (Gr. hnima, blood). — Hed 
oxide of iron ; an ahundant on* found 
in veins and masses, 

IIajutk (Lat. hamm, a hook). — A genn.s 
of hook sliaped chamherod shells peculiar 
to the clntlk and greensand. 

IIkavy si’AR, Std)ihate of barytes ; also 
known as baro-selenite, and jirisinatic 
lieavy-spar. 

llKr.roi.tTKS (Gr. hiim, tbo siin, and 
liUum, stone).— All extensive genus of 
Silurian coi'iils ; so eallcd Irom the cen- 
tral-radiating, or snn-like aspeet of its 
jiores coinpired with llio.se of the <i.s- 
hura or star-corals. 

lltRpoTiiicuit M (Gr, hifipnx, horse, and 
tlwriaii, wild hciist). — A mammal of 
the iniocene tertiancs, apparently allied 
to the lioi'.se family. 

lIii’i'iiKiTK (Gr. htpjm, a lior.se).-- A 
iiiii.s.sive liorse-liool-iike liivalvo of the 
chalk, having a deep conical iiiider- 
valvc, with a llat lid or ii|>per valve. 

IIoi.oi'TVciiit's (Gr. /odes, entire, and 
ptiichi', wriiiklei.— All-wrinkle : a tishof 
the Devonian and caibonifcioiis epoclis, 
so called from the wrinkle-like surface 
of ils scales. 

lIoRN.".i.K.M)i: - A simple mineral of fre- 
quent oci iirrence in granitic and trap- 
puiin rocks ; so calleil from its horn like 
cleavage and peculiar lustre (hhnilfn, 
to dazzle). It is usually of a hlack or 
dark-grceii colour, softer than ipiartz or 
felspar, but heavier than either, and 
emits a peculiar bitter odour wben 
breatlied on. It generally occurs con- 
fusedly cryslallitic, forniing with quartz 
“ horiibleiidu rock,” with quarU and 


Gvmno.sprrms (Gr. i/i/jnnos, naked, and 
spiTiiKt, seed),,— I'lowering plants willi 
naked seeds, and wood in concentric 
layers like tho jiino trihe. ISamo as 

(ii/iuiiofinin. 

GvfMiM. — iSulphale of lime, plaster-of- 
Daris, or stucco - stone. The Greek 
word tpjpsds signilles lime in general ; 
and Rt'enis to he derived tromj;(', earth, 
and ipao, I boil, in alhision to the heat 
given otf when burnt lime is slaked with 
water. 

G VKoooNiTES ((ir. p'/iw, Iwistod, and 
punas, see<l).— Tbo s]iiriil sccd-vcs-sels of 
plants allied to the (Jliara, and found in 
Ircsli-watertertiarics. 


H 

felspar “syonife," imd with felspar 
alone the numerous varictie.s of " green- 
Rtono.” 

IloiiN.vro.vK. — A mixed siliceous mineral 
and roek of various colonr.s, having a 
(lull splintery or sub-cotichoidal frac- 
ture, and very imicli the aspect of a tough 
massive liiiil. It is .Hometimes diliiciilt 
to distinguish lictween jasper, tiint, 
chert, and hornslonc, tliongli the latter 
term is more appnipiialely apjilied to 
all compact, lough, and inassivy vario- 
ti(‘s of siliceous rock. 1 1 consists cliieHy 
of silc.x anduluiiiiiia, and dilfers Irom llie 
felspars in containing no .soda or poiash. 
A coiimion igneous rock, consisting of 
Imrnstone, with iinliedded crystiil.s of 
(lUiirtz orfcisiiar, is known as harnstone 
jnirpJti/ni. 

II yroiio.’st.s (Gr. hj/hiis, limiii>ed, and 
oihnis, tooth). — A fiiiiiily of fossil sliiirk- 
like ti.sli('.s with pccidiiir kiioli-lilve teeth. 

||vi*o(iKNK (Gr. /(///Ml, mider, and filna- 
mui, I am formed). — A term employed 
by Sir ('liai)es Lyell us a sidistitiite for 
piiwari/, merely to mark tlie formation 
or Iranstormalion of l.licse strain from 
below, wiiliout involving any tliLury its 
to llieir age. 

Jlvi’ozoti (Gr. ht/pa, under, and noc, life), 
—Applied to tiiose rocks wliidi, like 
gneiss and iiiiea-scld.st, lie betiealli tlie 
fo.ssilifcrous .strata, tind wliicli liave yet 
yielded no organic remains. “ Azoic ” 
meaiiH destitute of fossils ; “ liy|iozoic ’’ 
simply points mit tlieir position, with- 
out offering any opinion as tp tlieir 
fossiliferous or non - fossdiferous cliar- 
actcr. 
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lf'K-BRR(i (Gcr. fi», ice, and berg, inoun- 
t.'iinl.— The iiaiiie ^;iven to the nioun- 
tainouii iiuitiyoH of ice often found Hout- 
ini; in the polar seas. Soinetiiiies tliey 
are forined hy the acoiiiniilation of ico 
and .snow ; at other tinie.s they neeni to 
iiave been originally Klacierii luunelied 
from iireeipiloiis coasta into the ocean, 
and there further nui>mented by nuin- 
hers of them freeJ’.ing en vaawi'. Ice- 
liergs have been seen in tlie arctic and 
antarctic oceans more than a mile sciuare. 
risin;,' from Kl to 200 feet above the water, 
and loaded with blocks of rock and masses 
of shingle. Some idea of their size may 
be formed from the fact lliat little more 
than an eighth of their bulk rises above 
the .surftice. As they are floated by the 
polar currents to warmer latitudes they 
melt away, dropping their burdens of 
boulder tind rock debris on iho bottom 
of the occfin. 

IcK-KOOB (/>((«. ice-island),— Applied by 
voyager.H to the .smaller ma.sses of ice that 
encumber the |)Oiar stsis. 

I( u.MTKs (dr. iehnoii, a footprint). — X 
term applied to all fossil fool prints, 
many of whicli laave been discnveieil 
in secondary formations— as orvithU'h- 
niteg, bird - (oolsteps, sauroidichuites, 
sauritin footsteps, Ac. 

Ichnoi.oov (tlr. iehnon, a footprint, and 
Tlio science of fossil foot-prints; 
C.(/,, the “ Ichnology of Annaudule,” 
h,v Sir William Jardine. 

I( HTHY(H;oniii,tTK (t;r,/(7(f/iys,11.sli,(i«?a<, 
spear, and liUtug, stone), — The fo.ssil tin- 
spines or defences of ft.'^hes found ahnn- 
daiitly ill all the fossiliferons strata. 

Ioiith YOMTK (dr. khthi/g, ti-,h , ami lUhog, 
stoiici).— A |ialaiontologienl term for a 
fossil rt.sh, or any portion of a lish, ns a 
scale, tooth, spine, Ac. The most cele- 
brated deposits of fossil lisbes in Kiiropo 
are the hit nmiiioiis . schists of the lower 
Old lied of Orkney and daitimes.s ; the 
lower eoiil-measure.s of llurdielioiise, Ac. 
near J'hlinhurgh ; the coal formation of 
tSaarhrUck in Lorruinu; the Permian 


bituminous slate of Mansleld in Thnr- 
liigia; tlie calcareous lithographic slate 
of Solctiliofen (oolitic) ; the eoinpact 
blue slaty shale of dlaris (eietaceoiis) ; 
and the Tertiary limestones of Monte 
Itolea, near Vcrotia, tho marlstones of 
Oeiiiiigen in Switzerland, and of Ai.v 
in I’rovence. 

IciiTiiYosAtiRii.s (dr. '/VAt/(//s, a fisli, and 
saarng, lizard). — A mariiu! reptile nf the 
oolitic epoch, having some analogies to 
tislies. 

Ion nous (Lat. ignis, tire),— Applied to nil 
agencies, operations, or results wliieli 
seem eoniiecled with or to have ari.seii 
from subterranean heat, as “igneous 
rocks," “ igneous fusion,” Ac. 

ItniANonoN [igiKtna and odous, tooth).— 
A colossal lizard-like reptile foimd in tlie 
Wealdeii strain ; so called from the re- 
seiiihlaiice of it.s teeth to tho.se of the 
existing iguana. 

iNmin.ATBi) (Lat. darns, liard)~l{e 
stricled in deoiogy to rocks tliat litive 
been hardened by the action nf heat, 
and in this sciiso distinct from “ liuid " 
or “ compact.” 

I.NKC'soiuA. — iMiiiiite animal organisms 
or animalcnlos (fo.ssil and recent) ; so 
called from tlieir being readily ohiaiiied 
hy infusing vegetable matter in water. 
They are found in all stagnant waters, 
and their exnvkc enter largely into 
tlie composition of many aipieous de- 
posits. 

In VKKTKBKA'i A.— Animals without verle- 
hr:e or baekhoiies, including tlie rnol- 
lasoa, artienlata, and radiata. 

Iro.v.sto.nk.— The n.snal term for the car- 
bonates of iron found in nodules or thin 
layers in tlie shales of the secondary 
rocks. They are all more or less aigilla- 
ceoii.s— hence the tenn “ clay carho- 
iiate." “ (.day iron-stone ” is geiierall.v 
u.sed, however, to distingui.sli the chiy 
carlionate.s from the “ hlack hands.” 
which are admixtures of coaly iiiatler, 
clay, and carhonale of iron, found in 
the Scottish coal-llelds. 


J 


Jaok.— A liard,tougli, siliceous rock, of a 
leek-grceti colour, smooth surface, and 
somewliat .soapy feel. It is siisceiitible 
of a tine polish, as may be seen in the 
New Zealand a.xos, hangers, idols, Ac., 
so cuinmon in our niii.seums, 

Jaspku. — A somewhat loosely applied 
term to many siliceous compounds. 
Wlien quartz is comhined with a certain 
portion nf alumina and iron it loses its 
translucency and becomes jasper. 


Jbt (giigdes, from Gaga, a river in Asia 
Minor). -This well-known substance i.s 
rather a species of amber than coal. It 
occurs in nodules and lumps in ligriitic 
str.atii ; is electric when rubbed ; i.s more 
resinous in hestre Uiati the finest cunnel- 
coal ; and i.s also si>ecitically lighter. 

Joints,— T he ti.ssures or rents whieh di- 
vide certain strata into blocks more or 
less regular are projierly so termed. Tliis 
jointed structure seems in many cases 
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to liave arisen from shrinkage or con- Ji'UASsir,— A synonyme of tho oolitic sys- 
traction of tlie deposit while in the jtro- tem, from the cleiraetcristic uconrrcnce 
cess of solidifying'. of its rocks in the Jura Mountains. 


K 


Kaomn (Chinese). — Tlie name mven to 
tlie finest poiveliiin ehiy, arisimt from 
tlie decoinpiisitioii of fel.spar in soft 
eartliy uo-aintes. 

K HiL,— The .<ame as reddle ( nvthii) or red 
clay. An argillaceous pero.Kide of iron, 
of a fine deep red, and n.sedfor marking. 

Kki i'icu ((jer.) — laterally copper; an 
abbreviated term for the upper member 
of the Tria.s, which consists in Ger- 
many of variegtited cupriferous marls 
and luurl-slalcs. 


Kili.a.s.— A Cornish name for a coarse 
argillaceous schist, in wliicli niaiiy of 
the metalliferous veins of that district 
occur. 

Ki.m-Coai..— A provincial term fora high- 
ly hitmnmoiiH shale occurring in the 
oolitic beds at Kuiinieridge. 

Ki'I’Kk.ii w iiikkkii (Ger.)— laterally cop- 
per-slate; a dark, l)ituininon8 looking 
schist Jissociated with tiie zcclisfein of 
Germany, and e-vlensively worked as a 
copper ore. 


L 


Laura tioHirg.—C.alled also Labrador fel- 
spa?. from the locality where first found : 
a variety of disseminated fel.spar having 
a iieenliar ]>early and irridcscciit play of 
colours wlien tlie liglit falls on it in cer- 
tain liirectioiH. 

liAitvRivTiioitnN (Gr. hihiiritithiis, a place 
full of intricate pa.ssages, and m/oi/i, 
tootli). — A name given by I’role.ssor 
Owen to a liatraeliian rc|ilile of tlie 
new red .sandstone, in allnsion to tlie 
labyrinthine structure exhibited by sec- 
tions of its teeth, 

l.AonhTiiiNK (l.ai. a lake).— Of or 

lieloTiging to a lake, as lacustrine de- 
posits. 

Lami.natki) (Lai. /omum, a thin plate). 
— Ap|ilied to strata sidittiiig up into 
tliin layers, as certain llagstones and 
tile.stones, 

Laimlm a little stone).— Applied 

to a pei'iiliar variety of volcanic tinders, 
or slaggy concretions. 

Lava. — The general term for all rock 
matter whicli flows in a melted state 
from volcanoe.s. 

Li'.rinonK.Miuo.v (Gr. /.’yii.s, a .scale', and 
ilrndriiii, tree).— An almndanl family of 
fo,ssil plants so called from the scale-like 
arrangeineiit of 1 1 air leal -.scars. They 
are especially characteristic of the ear- 
buniferous epocli. 

Lia.s.— T liis term is .said to be a corrup- 
tion of lyers or la.vers, and w;ls origi- 
nally apply to lliose tbin-bedded lime- 
stones occurring at tlie base of the ooli- 
tic system. It is now extended to the 
gronp or .system lying between tlie 
Oolite and Trias. 

liloNtiK (Lat. litimm, woodh— Wood- 
coal, or fos.sil-wooti, converted into a 
kind of coal, ike Lrown-Goal. 


LrrnonuAi'Hic Si.atk or Ktonk.— t’er- 
tain niagncsi.aii limestones used for the 
jiurposes of lilliogra|diy (tir. (illuis, 
stone, •dw\<ini I'lio, I write) arc so termed. 

Lrnioi.oo V, I.itiioi.ook ai, (Gr. iilhnf, 
a stone, and fogon, doctrin.'). — Appliccl 
to ilic mini rat characteristics or sliati- 
grapliical relations of rock - grniips in 
eontradistiin tioii to their puld'uiUido'J!/ 
or pahcontological aspects. 

lurKiiiAi, (Lat. the shore).— Ap- 

plied to operations and deposits which 
lake place near the sliorc, in coniradis- 
linction to those of a deep-water or 
cliaracter. 

liOAM.— Any soil composed of clay and 
sand, ami wliich is neither distinctly 
.sandy nor clayey, is called loam. 

Lope.— A Cornish term for any regular 
vein or course, whether melalliferou.s or 
not, 

LoKssor Lkm.m. — A Gcrnmn term for an 
ancient alluvial deposit of thy It bine 
replete with fresh-water siiells of e.vist- 
ing species. According to Lyell, “ it is a 
finely commiimied .sand or jiulveruleiit 
loam of a ycllowi'li grey colour, con- 
sisting chiefly of argillaceous matter, 
combined vvith a sixth ]iart of carbonate 
of lime ami a si,\ili of (piart/.ose and 
niicaceoiis sand.” 

LoriiioooN (Gr. lophof, a crest or ridge, 
and odoiin, tooth).— An extinct tapir- 
like jiacliyderm of the tertiary epoch ; 
so called from the eminences on Its 
teeth. 

Lvvoi'ouitks.— Fossil plants apparently 
allied to the lycoiiodiunis. 

Lvihan-sto.sk.— F linty slate or black 
jasper ; a siliceous rock allied to burr- 
stoii'e, but of a greyish-black colour. 
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Madrkporitk.— F ossil madrepore; also 
a variety of liiii-stone Imvinij a small 
prismatic structure wliicli looks like the 
|iorc-jiirati),Tmeiit of true coral. 

Mao.vicsian LiMKSTONii.— Any limestone 
contaiiiinif upwards of 20 ^ter cent 
of ciu ltomite of imiKueHia may be so 
called. Tlie term is also used as syno- 
nymous with I'ermiaii or Lower New 
Red Sandstone. 

Mammii.i.akv (bat. mainitki, little pap). 
—Applied to surfaces covoreil witli pap- 
liko concretions, ns some niaguesitin 
limestones. Av; Itotryoidal. 

Mammoth (TarUrl. — Tim fossil elephant 
{<i(‘l>/ias priiiii i/enias) of Siberia. 

Mahhi.k,— A ny rock susceptible of a fine 
polishis termed" uiarble” bytbe stone- 
cutters. The term, however, should bo 
restricted to limestones. 

MAUf, (Sn.\.)— Any soft admixture of 
clay and lime is termed a marl ; •* clay 
marl " when the clay predominates ; 
‘‘ marl clay ” when tlie lime is most 
abundant; and “ sliell-marr* when it 
contains fresli-water shells, as the lym- 
nea, piiliidina, Ac. 

MAiisiii'iTKfl.at. miirsupin))i, a purse).— 
A geniis of Iree Hoatiiig crinojihia found 
in the Chalk, having a hag-like .sliajm 
when closed ; known hy the (piariy- 
man’s lerm " cluster stnn’e.” 

Mastooon ftir. mu.y’fo,';, nipple, .and oilniin, 
(ootli). The great fossil clcplniiitine 
mammal of Nortli America ; so called 
from tlie nipple-like protiiherances on 
the grinding surfaces of its teeth. 

Matrix (I. at, the womb). — Tlie rock or 
main suhslance in which any accidental 
crystal, mineral, or fossil. i.s imbediled, 
is called llie wut/a'x of that mineral or 
fn.ssil. 

Mkoai.r iiTiiv.s ((Jr. m'<jah\ gre.af, and 
iclithys, tisli).— A huge sauroid lisli of 
the carhoniferous epoch. 

MitoAi.oNvx ((Jr. myahK great, and 
oni/.f, claw).— A huge tertiary mammal 
of the edentate order, so called from the 
great size of its claw, or uiignictd- 
lionos, 

MKOAi.osAt'urs (Or, nny/n/c, great, and 
saitntu, lizard).— A liuge laud reptile 
of tlm Oolitic period, 

Mkoatiikkii'm (Or. mr/a, great, .and 
tfu’rwii, hcast).— A huge tertiary mam- 
mal found in South America, ami 
allied to the sloth. 

M K IOC K.M K (wion, less, and haiiws, re- 
cent).— .Sir Charles L.veH’s term for the 
middle tertiarie.s, as holding a less per- 
centage of recent species than the plio- 
cene. Sti' I'loceiie. 

Mesozoic (Or. mm, middle, and zoi, 


life).— The great division of stratified 
groups liolding the middle fonn.s of life 
a.s differing from the I’ahcozoic and 
Cainozoic. 

Mktamohpiii.sM (Or. min, clifinge, and 
morphr, form), literally transformation. 
—That cliunge of structure or of tex- 
ture which has been effected on many 
rocks by the agency of heat, cliemicid 
action, or otherwise. 

Mica (Lat. mico, I sliine). -A mineral 
well known from its metallic lustre and 
divisihility into thin .sliining tlake.s. It 
occurs crystallised in granite, tlie disin- 
tegration of which lias supplied it to 
the subseipiontly-lormotl sedimentary 
rocks. 

Mica-soiiist (jilso calleil, hut impro- 
perly, “ mica-slate”), — A metamoriihic 
hdiated rock comimsed of mica and 
rpiartz. * 

Milioi,itr Limkstonk.— A iirime given 
hy French geologists to certain beds of 
the calcaire grossier round l‘aris, be- 
cause entirely made up of millions of 
minute foramiriiferous slodls. 

Mii.lstom’, orit.— A group of tlie I’.ng- 
li.sli carhoniferous system, so called from 
its liard gritty satidslones which arc 
used lor luillsloiies. 

Moi.assk (lait. viiillh, .s(ift).- -Certain 
sidt arenaceous beds which coniposo the 
middle tertiaries id' Switzerland, 

Mo.vocoTYi.Kiio.voo.s ((.Jr. miiHon, one, 
and kotiildlon, .seed -lobel. — l‘lants 
whose fruit has only one Seed-lolie, and 
conse<|uen(ly eiiiloiH:ii(ni.i in growth, like 

palms, lilies, grasses, Ac. 

Mouain’KS.— The mime given in Switzer- 
land to the longitudinal moniids of 
stony detritirs whicli occur at the bases 
and along the edges of all the great gla- 
ciers. The formation of these acenmu- 
latiotKs is thus explained hy Professor 
Agassiz. The glaciers, it is well known, 
are continually tiioviiig downwards, in 
con.seipience jirohahly of tlie inlrodiie- 
tioii of Water into their lissmos, wliich 
in freezing expands tlie ive ; and the 
ice, being thus loosened or detached 
from the rocks below, is gradually 
pressed forward hy its own weight, lii 
consefpieiiee of this motion the gravel 
and Iragments of rocks, which fall upon 
the glaciiTs from the sides of the adja- 
cent mountains, are accumulated in 
longitudiiiiil ridges or muraines as tlie 
glacier melts away. 

Mos.t:sAi'nii.s.— A gig.antic marine rep- 
tile of the upper tertiaries, apparently 
allied to the monitor; and .so called 
from its being found in tlie Ma’striclit 
beds. 
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Moya (Span.)— A term applied in Soutli 
America to the futid sulphurous mud 
disciiarged by certain volcanoes. 

MrscHKi.KAi.K ((ier.l — T.iteriilly shell 
limestone ; a ineinher of llie Triassic 
system as it occurs in Germany. 


Mi's.sKL-BiNn or Mi!s,SF,t,-nA>!D. — A 
iuiMer’.s name for thin shelly haiuls, 
calcareous and ferruginous, lliat occur 
in the coal-meii.sures. 'I’hey tire almost 
entirely composed of shells, resemblint; 
the fresh- water mussel, or unto. 


N 


NAOKi.KntiR, or Nagiikofluk. — A Swiss 
term for a soft iireuaceo-calcareous 
coni{lomi‘r;it0 occurring among the ter- 
tiary strata of the Alps. 

.Nai'Iitiia.— A variety of hiluincn (which 
see), thin, volatile, tluid, and liiKhly 
inHatiiiMHiilfi. Springs ot it exist in 
many volcanic cuuntrie.s -the finest 
variety being obtiiined from the shores 
of the ('a.s])ian, where it ri.ses from cal- 
ciireons rocks in the state of an odorous 
intiammable vapour. Naturally it is of 
a yellowish colour, but may be rendered 
colourless by distillalion. I is speeilie gra- 
vity is about ,7o ; it boils at IflO degrec.s ; 
ami appears to be a pure hydro-carbon 
— lOi) parts consisting of about 83 carbon 
and lb hydrogen. Most of the naphtha 
of cnminerco is obtained by distilbition 
from coal-tar, or directly from laial. 

Nkoco.viiav —A term of Il’Orbigny’s for 
tlie (ireensaiul formation, wliicb is spe- 
cially ilcvcloped in the vicinity of Nenf- 
clialel (.Ncoeomum). 

N K.o'/.oic (Gr. ions, new, iuid goc, life).— 
Arranging tlie fossiliferons strata into 
twn great categories— I, be and 
tlie 'luvzok ; the former includes all up 


to the close of the I’ermian, the latter 
all from the Trias n|i to tlie e.xisting 
order of things. It tiius embraces the 
iiiesozoic and cainozoic of some iiabcon- 
tologists. 

Nki’tonia.v (Nqilanus, god of the sea). 
— Ai>pbed to siratilied or aqueous rocks 
in cootradistinction to I'laUoik or 
igneous. 

Nkw Ukd.— a brief expression for tlio 
new red .sandstones (I’lruiian and Tri' 
us.sic) which occur aliove the coal-inca- 
hiires, ill coiUradistiiiction to the Idd 
Red which lie.s below. 

Nuuui.k.— A ny irregular concretion of 
rock-mutter colle.teil by attraction or 
aggregation round some central nucleus, 
us nodules of iroii.stone. Hint, Ac, 

NoiaiKaATifiA.— A genus of tlabelliforin 
palms found in the trias, oolite, and 
chalk .strata; so named alter M. Niigger- 
atli, who lias done mueii fur tliuelnei- 
datinii nf our fos.sil Horns, 

Nu.mmoi.itk (Lui. nummos, a coin, and 
lithns, stone). -.V minute chaiiiliered 
shell of the lower tertiary epoch; .so 
called from its thin leiUiculur shape, or 
coin-like appeur;ince. 


OniiiinA.v (Gr. oimunus, from lieing used 
for looking-glasses). -A volcanic glas.sy 
lava ahiio.st indistiiiguishahle from arti- 
lieial gla.ss-slag. It consists of silica and 
alnmiiia, with a little pot:i.s)i and oxido 
of iron, and is a true volcanic glas.s, of 
various colours, but usually black atid 
nearly opaijne. 

OfiiUK.— A very fine clay (silica and 
ahnnina) or powder of ckiy, coloured, 
by oxide of iron, from yellow to deep 
orange. 

OovoiA.— A species of silurian trilxilile ; 
so named in allusion to tbe ob.-enre and 
remote ebaracter of tlirse fo.ssils. The 
name is derived from tfgygcs, tbe earliest 
of tlic Grecian monarclis ; oiji/filiin lieing 
applied to everything of dark or doulitlol 
origin and antiquity. 

Old Red.— a brief expression for old red 
sandstone in contradistinction to new 
red— the former lying beneath, and the 
latter above the eoal-measiires. Six De- 
vonian. 

Oligoclase (Gr, oligos, small, and 
fracture). — A mincralogical term for 


soda felspar, in allusion to its pcenliar 
fracture us dislingni.siied from orilio- 
elase. 

Olivi.nk. -An olivc-colonred .semi-trans- 
jiarent mineral ocemring in romuled 
grains and crysUds in iiiaiiy basalts and 

OoUTK (Gr. oon, egg, and lilhus, .stniie). 
— Idmestone composed of small rounded 
jiartieles like tbe eggs or ron of a lish ; 
lienee also called jvic.s/mic. 'I'lie name of 
an importani .strulitied system, in wbicli 
limestones of Ibis iiatuie are cliiiriic- 
terislic bed.s. 

Oi’AL.— .A mixed siliceous mineral, .allied 
to agate atid ealeedotiy, but distin- 
giiisbed by its peculiar rcsiimuH lustre. 
Tliere are many varieties, as prc-cious 
opal, common opal, semi opal, wood- 
opal, Ac. 

Oi’alescent. — Ilesemblingopal in lustre ; 
disjilaying a jilny of colours like some 
varieties of opal. 

Ophiomte {Ur. opfdf, a serpent, and 
Hlltos).—\ synonym of Berpeniine; but 
seldom used by Uritish geologists. 
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OBNiTHtcHNiTKs (Or. omiit, ornithox, a 
bird, and ichnou, a footprint), — Tlie 
fiwtprints of birds found cliiefly on 
slabs of tile trias, and supposed to be- 
loni; to cursorial or gralintorial genera. 

Ohtmoceuas, Outhoukratitb (Or. vr- 
tim, straight, and hrax, born),— A genus 
of straight horn-shaped chanibered sliells, 
occurring in .several systems. 

Outiiocla.sk {(j|r. ori/iox, straight, and 
kiasix, fracture). -A mineralogical term 
for potash fetsjiar, because of its straight 
fiat cleavage. 

Ouv( Toi.ouv (tlr. oryktofy dug up, and 
him, duetriue).— The science of fossils ; 


flynonymous with Pnlmontology, but 
seldom used. 

OssKocs Bkkccia (os, n bone).— Hones 
and fragments of bones cemented to- 
gether by cakareou.s or other matter, 
ami found in caverns and fissures, are so 
termed. Act Hone Hreccia. 

Os.siFKHous (Lat. ox, a boiio, and f, ro, f 
yield). --Containing or yielding ‘ bones, 
as many of tlie post-tertiary sands and 
gravels. 

Ot'TUKKs. — Portion. s of any stratitied 
group which lie detached from the mam 
body ; iu general the rosidt of denuda- 
tion. 


Pachypriimata (nr. ■pachm, thick, and 
dvriiia, skin). — Thick-skinned mam- 
malia, as the eleiiliant and rhinoceros 
among living species ; and the mastodon, 
lialieotheriimi, »,Vc. among extinct ter- 
tiary races. 

I’.vcAiai.vrTK (from I’alagonia in Sicily). — 
A peculiar rock-product occurring in 
coiinectiiin with nuidorn volcanoes. 
The palagonite tufa of Iceland is enm- 
pi).sed of silica, alumina, and lime, with 
iron, miigiie.sia. potash, and soda, ami 
Is partially soluble by the hot water of the 

rAi..Ko,vr()(,o()v (nr. iiitlidox, ancient, 
oola, beings, and loyox, doctrine).— The 
science of fo.s.sd remains; theltotuny and 
/oology of tlie forms found fo.ssil in 
the crust of the earth. It has been pro- 
po.u'd to subdivide the science into palaio- 
pliyiology, or lo.ssil hotaiiy, ami paheo- 
zoology, or fo.ssil zoology : hut I hose 
terms ai'o raicly used. AVc also Orycto- 

PAi.,i:oTHKit(UM((:r.pufi(/o.«,iiiicicnt,iirid 
thirioii, animal). — A pachydermatous 
inaumial of the cocciio terfinries, some- 
what aliiii to the existing lajiir, 

1 'A i..Kozor(: (Gr, polaiox, ancient, and roc, 
lile),~Tlie lowe.st diii.sioii of .stratitiid 
groupsas holding the mo.st ancient forms 
of life, in eoiitradistinctioii to the iihso- 
zoif and rainozoii’. 

Pai’km Co.xt, (Ger. ))a}>icrho/ilc).~.\ 
name given to certniii layers of the ter. 
tiary lignites from their papery or leaf- 
like composition. They are evidently 
masses of eoiiipres.scd ienves. When 
taken fresh Irom the beds the xenutioM 
and rclicnlatioiis of many of the leaves 
are (piile apiiarent. 

Pko.matitk (tJr. p.v/mo, compacted, or 
congealed).- A binary granite composed 
of (jiiartz and felspar— the fels])ar crys- 
tals lying ill the cpiartz as in a matrix. 

Pki.aoic (Gr, pdiUjos, the deep sea). — 
Formed or de|>osited in deep sea, as dis- 
tinct from littoral or estuary, 

pKLOKosAL'Ri's (Gr. pclorm, nioustrous. 


P 

andM!jr«.r, lizard).— A huge ainpliibi- 

ons reptile of the Wcaldcii epoch. 

Pki’kiu.no.— A n Italian term for a light 
porous species of vdcaiiio rock, formed, 
like tufa, by the ceiiienting together of 
sand, scoria!, cinders, &c. 

rKTKiKv, I’lcraiK.n TioN (Lilt. ]ktra, a 
■stone, und/o, I become).— Literally to 
convert or change into stone. When 
a shell, hone, or fragment of wood, by 
being cticlosod in miid or other .scdinicn’- 
tary matter, hecome.s hard ami stony, it 
is said to ho petrilled. Pctrifaclio’n is 
thus caused by the piirliclcs of stony 
matter entering, while in .solution, 
into the pores of the vegetable or 
tiiiimal tissue, and as the organic 
matter dlsaiiiieans, gradually taking its 
I'lace. 

Pktuolku.m (Lilt, petm, rock, andokaw. 
oil).— A liquid mineral iiiteh, so called 
Irom its ooziiigout of certain strata like 
oil. 

PicTuo.sK.Kx. — Literally llint rock. A 
synonytiie of horiistone, tliongli .some- 
times applied to iho harder kinds of 
compact felspar. 

rK- u ouTii Al vitiii.K.— A liine.stone of the 

. W'cald ; called also ‘'.Su.s.se\ marble. " 
It is almost entirely compo.sed of shells 
like the iiulndina, lyiunea, and other 
frcsli-water genera. 

rii/xstoi.oTn KUit'.M (Gr. /iAfi,»ce/o,v, pouch, 
and thcrioi)., aninialj. — A marsupial 
quadruped of the oolitic period. 

I’Ho.voi.i IK (Gr.yi/oom.s, .sound, and lit/mx, 
stone).— A species of ha.saltic greenstone ; 
80 called from its ringing metallic souiid 
when .struck by the hammer. Same aa 
Clinkstone. 

IT.siKonM (pKnim, a pea).— Occurring in 
small concrelion.s like iie.as ; e. (j, I’isi- 
form Iron-ore. 

PiaoLiTK {pkooi, a pea, and Vtlm, stone). 
—A concretionary limestone resembling 
an agglntinntion of pea.se. When the con- 
cretions are small, the rock is termed 
“roestone ” or '‘oolite.'’ 

PncHsTo.NK.— A glissy rock of the trap- 
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peat) division ; so called from llio pitchy 
lustre of its fracture. 

Pjlacoid, I'uA( oii)KA.v((ir. pftcc, a plate, 
and ciilos, form).— One of the orders of 
fishes, fis arranged by .M. Anassiz. The 
placoids are covered with irreauhir plates 
of enamel, and these frequently fur- 
nished witli thorny tuberelea. All the 
cartilaginous lishes, with tlifc exception 
of the .sturgeon, belong tothis order. 

Plagjostoma ((ir, p/oi/hw, oblique, and 
stiumi, the mouth).— A bivalve of the 
cretaceous iitid tertiary epochs. 

Plankukauk or Pi.ankkkai.k.stki.v, the 
t-ierman term for the ui)per member of 
the chalk formation in Saxony— our 
white chalk. 

PnAsric t'l.AY.— One of the lowest luem- 
hers in the Loudon tertiary hasiit ; so 
called from its use in tlic manufacture of 
pottery, Ac., (Ur. plum, I fashion, or 
fabricate). 

PcAiYbOMrs ((Jr, liroad, and 

mnna, hodv). -,V ganoid li.sli of the Per- 
niiau ejtoeh, and so called from its deep 
bream-like body, 

Plkiock.nk (tir. }il' ion, more, and hiiiios, 
recent). - - Sir ('. Ltell’s term for tlie 
upper tertiary group, as C(mtaiuingmore 
of reeetit than of e.Miiiet species. .V'c 
Koeenu. 

I'l.Ki.srot'KVK ((ir, jdihton, most, and 
kii.iiio.-t, reeiait). —A term used as s,vnony- 
iiinits with Pust -tertiiiry, ami im|ilyin,g 
that the urgaiiie remiiiu.s in such iiecu- 
inidations belong almost wholly to cxi.-.t- 
iiig speeirs. 

PuKsiosAt ivi's f(ir. ph’.o'iM, near to, and 
muriiK, lizard ). — A marine reptile of 
tlie Oolite ; soc.illed from ils Iieing more 
nearly allied to reptiles than tbeicbtliyo- 
saiirns. 

Pi.iosAiiars (Or. p/imu. more, and sna- 
rnii, lizaiil).— A marine reptile of the 
Oolite, intermediate between the ple.sio- 
saur and ieblhyosaur. 

I’n'-MHAno (Lilt, pliimhinii, lca<l).--Ono 
of the names given to (Jrapbite, or 
Itkiek-lead, from its resemblance to an 
ore of lead. .SiV’ ( Jrapbite. 

Pli'tu.nk (I’liito, the god nf the inferior 
regions). — Igneous rocks formed at 
some tlcptli below the surface of the 
land or sea, as distinct from Volrauic, 
or those thrown up to the surface. 

PoiATK (Or. jioli/s, many, and jious, 
toot). —The zooiogie.al term applidl to 
zooidiytes having many teidaeiila or 
foot-like organs of prelienskm ; lienee 
also the term polppidom (domiis, a 
imuse) for the strong or coralline strue- 
ture they inliahit. 

PoiicHYUv (Or. porphyro)*, purple). — 
This term was originally ajiplied to a red- 
dish igneous rock found in Upper Egypt, 
and used for senlpturul ]iurpo.ses. It is 
now employed by geologists to denote 


any rook (wluitever its eolonr) which 
eontaiiis imliedded crystals distinct 
from the main mass or matrix. W'e 
have tliiis fel.spar jiorphyry, elaystone 
porphyry, poiqihyritic granite, and por- 
pliyritie greeiistoiie. 

PoTKRKHUlt.NITKS (Or. pottT/oa , a goblet, 
and t'lifrinih ). — A sjieeics of eneriiiito 
Oeetirring in the mountain limestone ; 
80 called from the vase or gohlet-shai'e 
of its liody. 

PoTSTOXK. — A soft magnesian rock, scc- 
tile, and eaiialile of being fashioned into 
jiots ami vases ; tlie/((//i.« ollui it of the 
aiieients. 

Po/./.roi,ANA (from Pozzuoli, in the Bay 
of Naple.s).— A volcanic ash used in the 
mtuiufaeliire of Koman cement. 

Pki.maky, l'ui.MrnvK,— Ajiplied by tlio 
earlier geologists to non -fossihf(iroii.s 
rocks, bticli as gneiss and niii'a schist, 
from till) lielief tliat they were tirst-form- 
ed {primus, tirsl) or dejiosileil before 
the creation of life on our globe. Equi- 
valent to Ilypogeneor Azoic. 

Piu.MoitmAi.. — term used liy M. Bar- 
raiide lor the lowe.st or earliest zone of 
fo.ssiliferous strata. Same as Laiuhriaii 
of Sedgwick. 

PuonmiNK (Or. protos, lir.st, and i/iiio- 
wi'i, I am foniu'dJ.-The Ereneirtcnu 
for a granite emnpu.seil of fel.spar, (pi.arlz, 
and tale; not very h.ipiiily eho.-eii. 

Pkotozoic ((ir. proios, (irst, and tor, 
life).— The strata eoiitaiiiing the eaiiie.st 
traces of life ; eipiivalent to I’rimonlial. 

Ptkuoi),\(tvi.k (Or, pirrou, wing, and 
(lokti/lor, tingcr). ~A (lying n juile of 
the mesozoie epoch, with one elongated 
wing- linger. 

Ptkkvgoti. s (Or. ptfryx, a wing, and 
(ms. ohi.x, the car). — A gigantic crusta- 
cean (if imknowu adiiiity, heloiigiiig to 
the dawn of the old red saiulstniie pe- 
riod. So called from the peculiar sluii»e 
of its detached luaiidilmlar or jaw-feel, 
wliieh were at lir.st mistaken by .\ga.ssiz 
as the remains of some fish. It has 
ht>en found eliiefiy in I'ortur and Here- 
ford shires. 

PriiDi.vusTONK. -Now used as synony- 
mous witli conglomerate, hut originally 
applied to a cemented mass of tiint 
[lehliles, from the reseiiihl.iueu of tiie 
imbedded iiehhles to the fruit m a plum- 
pudding. 

PuLVKUisK (I.at. jinliuis, puli'rris, dii.st). 
— 'l‘o reduce to du.st or powiler; to 
crumble. Soil and rocks crumbled down 
by aiiueoiis or utmosplicric agency are 
s'liil to he pulveristsl. 

Pt'MicK (Ital. poinicf, akin to spuoui, 
froth).— A liglit spungy la\a ; vulcanic 
frotli or scum. 

Pv(NODONTs( 0 r./j(y^V(«,'i, thick, and odout, 
odonlis, tooth).- -Literally tliick-teeth, 
au exteusive family of lislics oceuiring 
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in tnesozoic strata. Tlieir leading 
cliarafter consiHts in Imviuj? the nioutli 
jirovided witli a den.se |>avemeiit of 
thick, round, and Hut tcotli, for tlio 
purpose of crusliini? tlie shells and Crus- 
tacea on which they fed. 

I'VKirKs (Gr. pyr, tire, and itfs for lithoit). 
— Sulplinrels of iron, copper, Ac. are 
so termed, either from the luirduess of 


iron pyrites, wliich strikes fire, or from 
its dcconipnsinf; spontnneou.sly witli it 
cori.siderable evolution of heat. 

Rvn(K;K.voi's(Gr. pyr, fire, and f/i/ionwi, 
1 atn forniod).-'Fiic-fonne(i ; u.sed as 
synonymous with iyncDns. 

I'vnoxKNK ((ir. pyr, fire, and xcaos, 
stranue).— A name used by Continental 
mineralogists for aiojUe. 


a 


(itJAnKii.sAftn.sTKiw (G’cr.)— The Oermnii 
eqniv.aicnt of our lower greensand, and 
of tlio Swiss “ neoctiinian.” 

Quadk ii.m a na (quatiwr, four, and vumus, 
hand).— Litcrallyjourdianded ; applied 
to the uionke.ys and lemurs. 
Quaqi'avku.sai..— nipping on every side; 
applied to .strata that dip on all sides 
from a common centre. 
lii’AnTz.— A German miner’s term for 


crystallised silica ; rock-cry.stal ; silica 
in its |iinest rock-form. 

QrAitrziTK.— An aggregation of rinnrtz 
graims; granular quartz. Tliis term is 
generally ajiplicd to sandstones which 
haveheoii iminrated oraliercd by licat so 
ns to as.siime the a.spect of quartz rock. 

QlIATKllNARY (l.Ut. (pifltat))', foiir). -Ap- 
jdied to all accunmiafions above the 
true (ertiaries ; equivalent to *• I'ost- 
Terliary." 


R 


JtAo, Ra().sto\k.— A provincial English 
term for any co)ir.se concretionary or 
brcccio-concretioiiary .siliceous rock, a.s 
*• Jvciilisli rag,” “ Itowley rag,” Ac. 

Rf.I)I)i,k.— A [iroviiicial term lor a red 
Jirgillaceuus ore of iron ; al.so called 
Ti’d-dity, and mhinilk. It is simply 
(lecompo.siiig luematite, 

ItK.vifon.M (l.at, irn, kidney).— Applied 
to kidney-.slinpcd concretions of iron- 
stone, limestone, Ac. 

llo( K-.'^A i/r.— Common salt, when found iu 
rock nias.s('s,as in Chesliire.i.sihustenned. 

JfoTu-TODTK-LiKoKNDK.— laterally" red- 
dead-licrs tlie name given by tierman 


miners to tlie red satidsiones and marls 
wliich lie under the kupfer-scliicfer or 
copper-slate, because they are " detid ” 
or noM-meiallilerous. 

ItorrK.N.sTos'K. — A siliceous and alumin- 
ous compound re.siiltiiigfroin llicdecom- 
po.sition of impure liiiicsioiies by tlie 
percolation of carbonated waters. 

Ill nni.K.— A (|uariymaii'.s term for the 
loose covering of angular friigiiifiits 
wliich api'cars at the oulcrop of many 
sandstoiic.s, Ajiplied also to all acciitiiii- 
lalioiis of loo.se angular fragments net 
water-worn and rounded like ymi'cl 
and nhinyk. 


s 


iSAcciiAuoii) (mcchiir, .sugar, and ddox, 
form).- Ueseiiihliiig leaf-sugar in tex- 
ture ; iL|i]dle(l to cryslnlline limestone.s. 
Saoiu.k-iiai iv. — liiiiijliar (eriii for an- 
ticlinal straia, wliich .see, 

Bt Citiiukut’s Hkaus.— A iiorth-of- 
Eiigland term for the seiiaratc bead- 
like joints of the encrinile, from a 
legend alluded to by Sir Walter Scott 
iu Manawa- 

• — On a ruck, Uy l.innUfiirnc, 

Tlic Sea-born liciiils (bat bear his name.’' 

SAi-iFKKon.s (Lat. aal, salt, and f<ro, I 
yield).- ('oiitaining or yielding salt, as 
*‘ saliferous strata,” " saliferoms de- 
posits,” Ac. Saliferous syftrm is often 
used os synoiiyiuoub with Upper New 


Red Sandstone, which i.s the great re- 
fiository of rock-sail in England. 

Salink (fol, salt).— Containing or im- 
pregnated with salt, as “ saline” 
springs. 

Sai'kia.v (Gr. a lizard).— Fossil 

lizard-like rciitilcs like tlie enaiiosanru.s, 
lchthyo.saurn.s, Ac. Sauroid, like or 
akin to saurians. 

StAi’HiTs: (Lat. srnpha, a .skiff). — A 
ehainhered shell of the chalk formation ; 
so termed from ibs lioat-like eoiitnor, 
its inner whorls looking like an ancient 
reversed prow. 

gCAH.— A bluff precipice of rock ; lience 
" scar-liinostonc,” applied to tlic moun- 
tain liine.stoiie as it occurs in the liills of 
Yorkshire and Westmoreland. 

Scuii.i.KR-srAK(Ger. tchillmi, to change 
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colour).— A niOKiiosio-silioeoiis mineral , 
having !i iiciirly nintnllic lustre, Hat 
cleavage, :uul exliihiting a sligiit jilay 
of colour. .SVi: Diallage. 

Sctu.sT (tir arhviiiHU a splitting or rlivi- 
•sioii).— Tliis teriii sliouhi he re.slricteii to 
such rocivs as mica-schist, gneiss, and the 
lilic, which have a foliated structure, 
and sjilii up in thin irregular plates, not 
1\V regular cleavage .as in slate-rocks. 

Sen i.Knoons (tir. xvlilfro-i, rough, atid 
o'/ows, tooth).— A genus of iislics found 
in the I.udlow hone-hed, and so naintsl 
from the rai.scd jtoslules on the surface 
of llieir teeth. 

.Sriioiii. or Iti.At tv Toi’H.mat.ink. -A pris- 
matic longitudinally striatcti niiiieral, 
occurring ahimdantly iit granitic rocks. 
Stout v, (Ital. .troria, dross).— Applied to 
all accuiiiuliitions of dust, .‘ishes, cin- 
ders, and loose fragments of rock dis- 
charged from volcanoes. 

Skam. Strictly speaking, tho litie of 
sej'aration hetween two str.ala, hut 
loosely applied to subordinate stnita 
oecurring in any series, as mm.i vf 
i'diit in th(! entil-meiisnres. 

Skconiiauv Stuat.\ —Originally applietl 
tf) the fossilileroiis strata lying between 
the 'I'ninsitioii ami Tertiary. Same as 
iMeso/oic. 

Ski tion (hat. .irctK.v, ent throngli). — The 
lilane, actual or iileal, winch enis 
through any portion of Hut earth’s enisl 
so as to show tint inlern.al structure of 
that portion. A’kDoo/ . seclioii.s are cx- 
hihited hy seti-clilfs, sides of ravines, 
i\:(‘ ; irrtijii'iiil ones Ity mail and niilway 
euiiingM, wells, ami coal pits. 

SKtit.uuNT (hat. Hfili’ir, to settle down).— 
j\h'ilter seftleil down from suspension in 
Witter. If the lurhid muddy waters of 
a river hi' allowed to slagimti', the mud 
will griitluiilly fall to tlie hotloiii and 
form sediment. Rocks which have 
been formed in this manner, as shale, 
clay, saiidstoiic, !ic., arc tefmod srd.i- 

Vli litlD'fl. 

Ski.kmtk ((Jr. ffhni’, the moon), f'rys- 
tidlised .sulplinte of lime ; so ejilled frniii 
its suhdiicd lustre and triinspareiicy. 
SKfTAtiiA (hat. Ilium, a fence or divi 
Sion). — Nodules of clay, iruiistone, or 
other iitatler, interiiidly divided into 
mitiieioiis angular comiiaitnients hy 
tissiires wtiicli are u.siially tilled with 
caleareons spar. 

.Skuiks - Apiilied to a mmiherof allied 
objects aiiioiged in seiiuenco, as tlie 
greeiisatid series, Wcniock series, iVc. 
ftlKt:Ps:NTiNK.--A siliceo-magnesian rock 
of granitic or metamorpliic origin ; so 
called (roTu the i csciiihlance of its mot- 
tleil enlnurs to the skin of a serpent. 
SiiAi.K (tier. Dchiilai, to jtcel or shell ofT). 
— Apiilied to all argilhiceoiis .strata that 
split lip or peel off in thin lamime. 
6Vay is massive or plastic ; marl is 


friable or crumbly ; ghnk occurs in leaf- 
like lamime. 

SiirNui.s;. — Loose, imperfectly rounded 
stones and pebbles, us distinct from 
gravel and sand. 

Sii.TM.AiuA (hat. ghjiUnm, a seal).— An 
extensive order of fluted tree-stems eha- 
raeteristie of tlie earliotiilerous system, 
and so named from the seal like |iimc- 
tures which occur on Hie ridges or 
raised llntiiigs id' (heir stems. 

Sii.ii Kous. (hat. gilf.t, tiiiil).- - All rocks 
having a Hiiity texture are said to he 
siliceous. llock-cr\slal anil (|uartz are 
the purest states in which .si7< .r oei'iirs 
in nature : common Hint is an impure 
variety. 

Sit.imcocs SiNTK.it (.cr Sinter),— A silice- 
ous inernslal ion or deposit troni springs 
liolding silica in solution, like the (ley- 
Hcrs of Iceland. 

Sii,iriKiKo(hat. dUx, Hint, and. /io, 1 am 
made).— f'onverled into Hiiity or silice- 
ous matter ; petrified hy the inliltration 
of silica. 

fiii.r is properly a Pill icd to the Hue im- 
palpable mud which eollerls in lakes 
ami estmuies, hut is generally used to 
di'signate all calm and gradual dejiosils 
of mod. clay, or sand. 

SiN'iKU (tier, niiiti.ru, to drop). — Com- 
pact incrustatimis Irmo siliceous or cal- 
careous Springs are known as siliceous 
sinter and cale-sint< r. The term is 
applied in contradistinction to tuff or 
tula, winch is opiai and pnrons. 

Si.ATK -- This terinshnnld he rcsirieled to 
aigillaceous rocks, like rooling-slate, 
whose lamination is imt produced hy 
lines of bedding, hut is due to a meta- 
morphism eallcd (ieiinifii', which ollcii 
runs at right angles to the line ofstra- 
tilicalion. 

So vr'STo.N’K.— .-V .soft .sectilo variety of 
steatite ; so called from its soapy lei-I. 

SonKATAHA (lial. Hill ('ll, .sulplmr).— A 
volcanic li-siire or onitce from which 
snijilmrcoiis vapours, hot mud, and 
steam, are emitted. 

Si’Aiv (fier. .‘■7«d/-).— A miner.alngiral 
ti-rin applied to those crystals oi' mine- 
rals which break up into i liomli.s, ciilies, 
jdates, prisms, lAc., with sinootli eleav- 
age f.aces. Ilenco we have eale-spar, 
felspar, brown spar, itc. 

SrM.NT or Sm.K.vT Coai..— A Scotch term 
for ii hard laminattd va''iety of coal in- 
termediate hetween eunneland common 
liit-coal. 

Si’oKK, Scfiun.K (Or. s/ioro, seed).— The 
reproductive germ nf cri ptogamie ]ilants, 
as the fern and elnli-mo.ss. 

Stai.actitk (Or. stnhixHo , to drop).— Ap- 
plied to those icicic-likc incruhtations of 
lime, calcedony. Arc., wldch often fret 
the roofs of caverns and fissures, and 
which arise from the dropping of water 
holding these rock-matters in solution. 
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STAf-AoiiiTE (Or. ttnlafrina, a drop).— 
Tli0 wiino Tiiinernl nialtcr aa atalactite, 
but applied to tlie incriispition tliat 
covers tlic floor of tlio cavern. The sta- 
lactites and atalai^mite frc(]ucntly meet 
each other, and form pillar-like imis.ses 
in limestone caverns. 

Stkatitic ((ir. sh'or, fat).— A aoftm.'ifrne- 
sian rock tiaviii;^ a amooth soapy fed ; 
soap-stone. 

STienuAitiA (Lat. a dot or puiic- 

tiire).— An extensive order of root- 
ateins characteristic of the carbonifer- 
ous .system, and so named from their 
rcKuInrly fitted or dotted surface— each 
puncture repre.sentinK the attachment 
of a loiiff slender fleshy radicle. .Slij,'- 
maria are ttii' roots of fhnlliirhu 
SriNKSTONK ((ir. iili)ikxkin).~A name 
given to lelid linic.stone.s— that is, thoso 
whicli, on being strudi or ruhhed, emit 
an Odour of sulplnirretcd liydrogen. 
iStiiati'm, plural Sirata OM. xtnitim, 
strewn or .spread out).- When rock.s 
lie in layers, one above another, each 
layer forms a stroliini, the wliolo a 
.scries of s/n/(u. Rocks lying in paral- 
lel layers are s.iid to he slroti/inl ■ 
those among wliich there is no appear! 
ance of this arrangement, iiiiKlrotifiiil. 
Layer, he<l, scam, ImmI, .Vc., are lc.ss 
or more used as syuoiiynious with .stra- 
tum. 

STJiiATi!D(Lat, atria, a streak),— Streaked 
or marked witli tine tliread-like lines 
running pnmllel to each other. 

Stuikk. — ' llie direction or line of outerop 


T 

Ta nt'T, A n.— Composed of, or arranged in 
siiiiiiro blocks or tahlc-like ma.s.ses, as 
ninny granites and greenstones. The ta- 
bular fre(|uenlly pas.ses into the colum- 
^ nar striieturc, and rirr rrrm. 

Tat.i'.s.— T he loose deliilus acciimnlated 
at tlie ha.se of eliirs and precipice.s, and 
derived from their weatlierwi and 
wasted surfaces. 

TK.r.Ko.s M'ui'.s ((ir. Uhoa, complete, and 
.so an/s. a lizard). —.\ii oolitic saurian 
distinguished by its long tapering snout 

Tkntaci'i.itk.s {tciitariila, feelers; so 
calhid troin their being .stretched out 
'vhcii the Hiiiiiiiils possesseil of them 
are in the act of c.xploring), — A genus 
of jointed fccler-like organisms occurring 
in Silurian strata. 

rKRTtAitv.- The third or upper great 
division of the stratified systnus, as dis- 
tinguished trom secondary and primary. 

Tktuapoi.k iiMTKS((ir. f(/r,i,fonr, pous, 
podoif, the fci't, khnon, a footprint, and 
t/iw). — The footprints of four-footed 
creatures, ns hatruchian reptiles, and 
other terrestrial sauriaiis. 

TirEconoNTosAOKi's (O.fAeAv, a sheath, 


of any stratum. The strike of a stratum 
IS at riglit angles to its <lip, 
Sj'vuiwiiRira((.;r. atyloa, ii writing siyle 
and oio-a, the tail).- -A crustacean of 
tlie lower Old Red, exhibiting a form 
intermediate between the .xipliosurns 
and phyllopod families. 

Sub, .Sun-uuvs'i'Ai.M.vK, Sub uoia .m.vau 
jVc.— In Oeology the term av/> (iimha) 
is employed to denote a lass or inferior 
degree; as suh-crystalline, te.-s th:in 
crystalline; siib-colnmnar, not dis- 
tinctly cohimiiar, Ac. It also applies 
to position, as snh-cretaceous, under 
the chalk; ■sub-a<iueous, under the 
waters, etc. 

Suiirim-nnA.vii.— A («erni.')n name for 
brown coal or lignite. 

SU.S.SKX MARnf,K.-A shell limestone of 
tlu! Wealden formation ; so c.'illcd froni 
being found in tiusse.v, S're I’etwurlli 
Marble. 

SvKNiTK (from in I'pjicr Egypt).— 

A granitic rock cmnpo.scd of idsiiar, 
<inartz, and liornhlemle. 

ISv.NCLi.NAi, (Or. xi/n, together, and cliiin, 

1 l>ciid).— A Implied to .strata that dip 
from opposite directions inwards like 
the leaves of a liaif-opeiusl hook, or 
which incline to .a couiiiion centre, 
forming a trough or hasin-sh.sped huh 

SvsTK.M (Or. together, nrid iatoiri, to 
stand).— Oronps of objects or ocitir- 
rences having such relations us permit 
them to he classed together, constitute 
a system. 


okous, tootli, and aavrrnt, lizard).- A 
I’ermian sanrmn; so called from the 
sheath or cone-in-cone-like structure of 
its teeth. 

TiiKr,om’s(Or. (//cfc, a little nipple, and 
oiloua, tooth).— A fi.sli of the .silurian 
hone-lied ; so called from its peculiar 
mnmmilaU-d teeth. Nothing is yet 
known of its true affinities. 

Tiikrmai. (Or. thrrnk, heat). — Ap- 
plied to hot springs and other wafers 
whose temperature exceeds that oftiO" 
Fa hr. 

TnvnAroTUEKruM (Or. tluilakos, pouch, 
and Ihrrion, animal). —A marsupial 
mammal of the Oolite. Same as Jimjdii- 
tlierium. 

T11.K.ST0.VK. — Any thinly-laminated sand- 
stone fit for roofing; applied speiially 
to tlie Haggy beds at the base of the 
old red sandstone. 

Toaustonr. — Applied to certain earthy 
amygdaloids, occurring in connection 
with the mountain limestones of Derhy- 
.sliire. Hy .some 8;iid to he from the 
German totlt dcin, or dcadstone, as 
being dead or mdruitful of lead ore. 
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According to otliers it derives its 
name fmni the reseinlilanco of its amyg- 
daloidiil spots to those of a toad’s 
hack. 

Tkach VTK (Gr. tjvK'/ii/s, rough).— A fel- 
•spathic vdlciiiiic iwk ; so called from its 
Iiar.sli mcaiji'e feel. 

TuANSiTruN. The passage from one state 
or period to another. Formerly applied 
to the older [laheozoic strata, as indi- 
cating .a transition from unfoasilifcriuis 
to fossiliferons conditiims. 

Thai’.— A provincial term for a tufaceoiis 
aliiiviinn which occiijiies wide areas in 
the region oftliu IGiine. Its li.xsis cou- 
sist.s ahnnst entirely of pmiiiee, in which 
are included fragments of basalts and 
otlier la\as, ineee.s of hnrnt slmle, slate, 
sandstone, and numerous trunks ami 
hranehes of tree.s. 

Thai’, TuArrc.AN (Swed. Irap^vi, a stair). 
— Talmlar gia enslontiand hasidtic roek.s, 
from their rising up in step-like ma.s.ses, 
were nriginally so termed ; hiit the 
iianie is now e\temhsl to ;dl igneous 
rocks wliicli an; not either stviefly 
gvanilio or decidedly volcanic. Others 
derive tlie origin of the term from the 
terrace-like a-siteit of secondary hilts, 
generally eonijiosed of interstralilieil 
greenstono.s, liasalts, .aniygdaloids. \’e., 
Nthich .stand out in ledges from the 


softer strata that have yitdded to de- 
nmiing forces, 

Travkktiv. — A whitish concretionary 
limestone dojiosilcd from the w.atcr of 
springs holding lime in solntion ; nbiiti- 
riaiitly formed by tlie waters of the Anio 
at Tihnr, ne.ar liome; lienee the namo 
Tihtirtinus, Tra vert inns. 

Tiuijoma (Gr. //•(■/.I!, three, and (/end, a 
corner). A dimyarian bivalve of Iho 
oolite and chalk, so called frnm its three- 
cornt'rcd shape. 

Tiuoonocaki'o.n (Gr. fn/s, thns', poih\ 
corner, and <'<iri>oii, fruit).— A tliree- 
cornered palm-like nut. of the coal 
measnre.s, of unknown athiiity. 

Tiiii.oeiTKs (Gr. Ircin, tiirci-, and 
Inlie), — I'alieo/.oic cnistacea, e.speciallv 
charaeteristie ofsihii i.an .strata ; so called 
trom their three lohe<l aspect. 

Tiuisii.i.— A i>olisliing )io\vder originally 
hroiiglit from Tripoli, hut now foimd in 
many other places. It is a kind of 
rottenstone, composed of the siliceous 
shields of microscopic infusoria and 
diatomacca' ; an infii.sorial earth nrincK. 

Ti ka, Ti'KK (Ital. fnfo, Gr. lo/.lws). - 
(trigiiuflly applied to a jiorons rock 
eompoVd of cemented scoria- and aHhe.s, 
hilt now ii.sed for any pornn.s vesidilar 
coiiipoiiml, as calc tiiir, trap-tuff, vol- 
canic tula, iltc. 


u 


F vroNFoRMAKi.K. — Simla lying parallel 
on ('ach other are said to he (‘<111/01111- 
('/)/.“• hilt wlieii one set is laid on (he 
upturned edges of another, they are 1//1- 

citi/onmihk. 


i NSTiiATiPinii.— T’sed ns synnnymnin 
with igneous; roek.s wliieli dii not occur 
in layers or strata, hut in ainorphoiis 


V 


Varikuatki) .‘SANnsTovK.— The new red 
.sandstone of I'lnglisli geidogi.sts ; (/n,? 
b’ujorn: of tilt* l•■l•ench. and hnotcr- 
.so))i/.d( hi of the German. 

V ri.\ (Fat. tviio).— A)iplied in Geology to 
all fissures and rents tilled with mineral 
or metallic matter dilfering from the 
voek-niass in wliicli they occur. 

Vkhici lar (Lat. /v.v.Vi'/o, a little hlad- 
(ler). Aiiplied to roek.s full of little 
cavities, as vcsietilar lava, vesicular trap- 
tnff, Ac. 

ViTRKot's (Fat. r'drum, glass).— Having 
the lustre or aspect of gla-ss; glas.sy. 


VUrihiy to melt or convert into 
glass. 

Voi cANic ( rufromes, gjod of lire),— Ig- 
neous action a)ii‘Uicnt at the smtaci-of 
the eaitli, in conlradistinctii.n to 
tonic (which see), or that taking jilacu 
at gre at depths in the inti i ior. ]'<'!<'« iiic, 
a.s applied to rocks, einhraces all ignoniis 
proiluets of recent or mo<lern origin, as 
distinct from tniipean ami graniiic. 

Vrj,rANisTs.-~Ap|ilied to tlnw geologists 
who opjMi.sid the Werm-rian or .Nep- 
tunian doctrine, that all rocks were of 
miueoiis oi'if'iii. 


w 


WachiI—.V German miner’s lerm for a 
soft earthy variety of trap-rock. 
N\'ar|i.— A provincial term for the muddy 
deposit from w aters artificially introduced 


over low laud.s, as tho.se adjoining tlie 
Trent, Ouse, Ac. 

Wkai.i! (.'^ax. woM, or woodland).— The 
low country lying lifetween the A'ortli 
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and Soutli Downs of Kent and Sussex ; 
and from this locality being the chief 
area nf a formal ion that lies hetween the 
chalk and oolite, the term Wkai,dkn, 
nr WEAi.r), has been applied to the 
strata of that formation. 


Zamitks.— Fossil plants apparently allied 
to the existing zaniia. 

Z El II sTKiN. — Literally mine - stone ; a 
trerman term synonymous xvitli onr 


Wenloi k LtMKSToNK .— a characteristic 
member of the iipiier Silurian group. 

Whim, Whinstoivk.— F sed in Scotland as 
synonymous wilh greenstone ; hut ap- 
plied by miners to any bard resisting 
rock that comes in their way. 


magnesian limestone— the cojipcr-.slnte 
(kupfer-schiefer) being worked iiume 
diately beneath it. 
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AnruLAU, or iiocdlc-shapcd texture, 81. 
Acid butUc, u.so of, in the liehi, :iOS. 
Ac;t,ynulit(', dctinitinii of, jtage &8. 
Agassiz's " Poissons F()s.silc,s,” IGl, ISO. 
Agricultino, as dupeiiding on Geology, 

Alberl i on DuiiLof sand.stoin, 239. 
Allium gnotuim, of hywna, 298. 

Alum, defined, t>ago 59. 

Alum shale.s, lf).\ i'td. 

Alluvial silts luid soils, 310. 

Altitude Ilf land, cflects of, ll.'l. 

Amber, in tertiary ligiiitc.s, 2!»r). 
Ainiautlius, definition of, page 53. 
Amiautliu.s, uses of, Ml. 

Ammonites, various, ligured, 250. 
Ainor))hous strueture, 7:1, s;j. 
Aiuiibitlierium, oulitie mamm.al, 231. 
Aiuygdaloid.s, varielies oftra]), 120. 
Aneroid, n.se of, to Die Geologist, IWS. 
Animal growtli, elTeets of, .5ii. 

Ansted, on Lamlseapo, quoted, 3C1; 

luactieal Geology, 37t). 

Antieline, antielinal strata, 72. 

Apiitite, uses of, 11.5. 

Aqueous agoneies, 17-53. 

Areliiteeturo and Geology, 3rd. 
Arenaceous rocks described, 00. 
Argillaceous rocks de.scribed, page 50. 
A.sbcsto.s, dofniiliou of, ]mge 58. 
Aspbali, ocemTCimo of, 320. 

Asplialt, use.s of, iu the arts, 34G. 
Astarle borealis, figured. 303. 
Asteropliyllites, figured, 107. 
Atmosidicrie ageueics, i:{-|i5. 

Atmos] ilicvie relations of globe, 20 ; at- 
mosiihere, functions of, 21. 

Atoll, or I'ircular eoral-reef, 337. 

Augite, defuiition of. page 58. 
Auriferous or gold-bc.aring sands, 311. 
Auvergne, crateriform hills of, 293. 
Avalanche, f4. 

Avicula, liguved, 250. 

A/.iiic, use of the term, 102, 131. 


I? AC), for geological purposes, 3CS. 

Baltic, uprise of coa.st of, .332. 

Bariaude’.s “ Silurian System,” 176. 
Barricr-reef.s (coral), 337. 

Basalt, definition of, 119, and page 59. 
Beaches, shingle and travelling, 324 ; 

raised or ancient, 325. 

Bcaudant’s tertiaries of Iluugaiy, 803. 

X 


Bolcmnitcs, figured, 271 . 

Bellcrophon, figured, 193. 

Bcrg-iniihl, or mouiitaiii-moal, 340. 
nisclioirs Physical UeseaiTlies, 132, 119. 
Bitumen, definition of, page 67. 
Bitumens, economic uses of, 310. 

Black band ironstone, 19,5. 

Blulfs or river-dills of Alississiiipi, 314, 
Bonc-bed of Jurassic .system, 22ih 
Bone-caves or o.ssiforous caverns, 298. 
BoraXjticfmed, jiagc 59, 

BotanAas liciiditcd by geology, 300. 
Bottoffrocks, Silurian, 18.5. 

Boulder, dcfniitiou of, page .50. 

Boulder day. or iiortlicni'drift, "OOhiOl. 
Bovoy coal, or lignites of Itovey, 2'.*5. 
Breccias, brccciated, defmed, 81, ami 
page 50. 

Bi'itisli Association, reports ol, 20S, 205, 
30S, etc. 

Brodie on Fossil Insects, 20.5. 
Brogiiiart’s “Fossil Vegetation,” 101, 
208 . 

Brown-coal of tertiary e|ujeh, 295. 
Bucklaiid’s “ Bridgewater Treatise,” 
101, 205, 308; lleliquiie Diluviaiifr, 317. 
Buddie on N. of Kiiglaml coa|.fidJ,370. 
BulPs “ PliysicH of Die Fai th,” 38. 
Building ami geology, 301. 

Bunter Saiidstein, 233. 

Burr-stoiio, of tertiary form.atjon, 295. 

Cabfnkt, geologieal, form.atiou of„372: 

collectiiiiis for liegimiers, 372. 

Caen stone, a Freiidi oolite, 259. 
Gainozoic, u.soof the term, 102. 
Galamites, figured, 190. 

Cale-tuU' ami calc-sinter, 327. 
t':ilc:uro grnssier, 280. 

Calcareous rock.s described, page 57. 
Cambrian .System of Sedgwick, 1G2. 
Canoes, audent Britisb, iu lake-de- 
po.sits, 319. 

Carbonaceous roek.s described, p.agc 57. 
Carboniferous limestone, Uil-l'.G. 
CarboiiifcroiiB slates, of Grillitbs, 188. 
Carboniferous system, l.s7-208 ; divl- 
eiouB of^.S7 ; importaneo of, 201. 
Caverns, ossiferous, tertiary, 298. 
Cephalaspis, figured, 178. 

Ceratites nodosns, figured, 2.50. 

Chalk, definition of, jiago 57. 

Chalk, origin and formation of, 279. 
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Chalk or crctaccons system, 266-281. 
Clialyhcatc 4t). 

Clioiriilhcriuin, footpriiila, 228. 

Chemical agency, effects of, 68. 

Ohcinical composition of rocks, 85-04. 
Chemical deposits, 327, 330. 

Chemical elements of rocks. 89-90. 
Chert, definition of, [)age 58. 

Chiaatolitc slate, 142. 

Chili, >i[)hcaval of coast of, .3.32. 

Chlorite, chlorite-schist, jsago 58. 

Cidaris of chalk, figured, 271. 
Cinioliornis, bird of the chalk era, 272. 
Classification, in Geology, 95-105. 
Classifications in Geology, 351 ; imper- 
fections of, 372. 

Clay, definition of, page 56. 

Clayslate, as a group, 142-145; varieties 
of, 142 ; cleavage in, 143 ; uses of, 145. 
Clay.stono, clay . stone- porjthyiy, 119, and 
page 56. 

Cleavage, definition of, 86, 

Cleavage, phunornonon of, 14.3 ; causes 
of, 149. 

Clinkstone, definition of, page 59 ; 119. 
Clinometer, use of, in the field, 76, 368. 
Clyde valley, boreal shells of,j^j. 

Coal, definition of. page 57 ; Anatiou 
of, 206; whore found, 199. ^ 

Coal, varictic.s of, 195 ; uses of, 201. 
Coal-measures, I!)4-20S. 

Coccostcus, figured, !78. 

Columnar and suh-columnar structure, 

83. 

Compass, use of, in Geology, 368. 
Composition of rock-m:isscH, 80-94. 
(Joncrctionary structure of rucks, 83. 
Conformable, in stratification, 72. 
Conglomerates, definition of, .84. 
Conybeare’s * ‘ Geology of England ,’’265. 
Copper, native, in tr.ap, 122. 

Coprolitos, oecurrence of, 19.3. 
Coiirolitos of the clialk, 277. 

Coral, nature and growth of, 57. 

Coral of the oolite, 2.'i9. 

Coral-r.ag, a member of oolite, 246. 
Coral-reefs, growth and varieties of, 
composition, .338. 

Coral zone of life, 65. 

Coral -stone, or solidified coral, 326. 
Coralline zone of life, (55. 

Conibrash, a member of oolite, 244. 
Crag, tertiary formation, 285. 

Crag and tail, jihenoraenon of, .301. 
Crater, of a volcano, 62. 

Cretaceous or chalk system, 266 - 281; 
lithology of, 267 ; mineral composi- 
tion, 270 ; pal.it'oTitology of, 271 ; phy- 
sical fcaturc.s,273 ; economic products, 

Crust of globe, defined, 2; ranteilalof, 
3 ; general arrangement of, 68, 79. 
Crystalline rocks dcscribcdjiagc 58. 
Oystallino and sub-crystalmo texture, 

84. 

Ctenoid order of fossil fishes, 158. 
Ctenoptyehius, figured, 193. 

Cuboldal structure of rocks, S3, 
Cumbrian system of Sedgwick, 162. 


Currents, force of. IS. 

Cuvier's “O.sscmcns Possilcs," IGl, 308. 
Cyathophylluin, Silurian coral, 168. 
Cycloid order of fossil fishes, l.ls. 
Cyclopteri.s hihcrniea, figured, 178. 
Cycloptcris, fossil fern, 197. 

Dai'heny on volcanoe.« l:!2, 308. 

Dana's “ System of Mineralogy, "94. 

Dei noth erium, figured, 2.S<». 

De La llcchc’s “Geological Observer,” 
67, 79, 376; his “Theoretical Geo- 
149, 358 ; “ Geology of Devon," 

Delta, defined, 52, 

Deltas, extent and antiquity of, 314. 
Density of globe, 25. 

Desh.aycs on Tertiarics, 308, 

Devonian system, 175-186. 

Diluvian, or Diluvi.al drift, 300. 
Dinornis, gigantic bird of New Zealand, 
310. 

Dip, in stratification, 71. 

Dirt- beds of Portland oolite, 219. 
Dislocations, in strati fie, it ion, 75. 
Disrupting igneous rocks, 74. 

Dolomite, dcfmilioii of, pagi! 57 ; 211, 
D'Orbigny’s " Palaaintographie," Itil. 
Drift formation, or nortlicrn drift, 299. 
Dyke, definition of, 75. 

Eauth, figure and dimensions of, 22; 
den.sit.y of, 24 ; temperature of, 20-29 ; 
surface configuration, 31, 32. 
Earthqn.ikes, effects of, 63. 

Eartliqinike, motlcrn instances of, 333. 
Economic Geology, 3,59-3(56. 

Edge or vertical strata, 71, 

Elcvatory Forces, (54. 

Elk, Irijih, in post-tertiary deposits, 319. 
Encrinites, varieties of, 193. 
Endogenitea of the oolite, 249. 
Engineering and Geology, 361. 

Eocene, moaidng of term, 2S4 ; compo- 
sition of, 280. 

Ej'iornis, gigantic bird of Madagascar, 

341. 

E.scari)ment, in Geology, 73. 

Estuary deposits, ancient and modern, 
312-315. 

Euomplialus, figured, 103. 

Exfoliate, E.xfoliation, nature of, 83, 
Exogciiitcs, tertiary wood, 288. 

Fault, in stratification, 75. 

Felspar, Felstone. page 58. 

Fibrons, as applied in Mineralogy, 84. 
Fire-el.ay, 195; uses of, 201. 

Fi.slics, fossil, as arranged by Agassiz, 
1 .58, 

Fis.silc, fissility, nature of, 82. 
Flabellaria, tcrti.ary |).alms, 288. 

Flags, flagstones, defined, 82. 

Flint, definition of, page 58. 

Flint, formation of, in ch.ilk, 200. 

Floetz rocks of Werner, 98. 

Fluviatile accumulations, 310-315. 
Flysch, crystalline tertiarics of the Alps, 
293. 

Foliation, nature of, 82, 143. 
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Forbes, D., on Metamorphism, 140. 
Forbes, Filwiud, on Purbeek beds, 
205 ; on liritisli tcrtiari|!s, :tOS. 

Forbes, rrol'cssor.J. U., on (ilacicrs,30S. 
Forest marble ot oolite, ‘24ii-2M>. 
I'ormatioiis, arrant'euient of, 09. 
Formations, delinition of, 8. 

Forster, on N. of Em(land coal-field, ;176. 
Fossil liotiuiy and Zoology, loS. 

Fossils, colleeting and arranging, ;i7‘2. 
Fossil, and sub-fossil, use of the terms, 
7 ; ltd. 

Fracture, dofuiition in Mineralogy, 80. 
Fuller’s earth, 210, 2.V9. 

Galeritks of chalk, figured, 271. 

Dauoid order of fossil fishes, loS. 

Gault, a member of the chalk, 207, 270. 
Geodes, in fl ap rock, 122. 

Geogno.sy, defined, 14. 

Geology, definition of, 2. 

Geology, theoretical or descriptive, 
8-10 ; practical or industrial, 11, 12. 
Geological agencies, 211-07. 

Geologiitil Society’s “ .lournal and Tran- 
sactions,” nil, 174, 208, 205, ‘281, :i08. 
Geological Survey, Memoirs of, 140, 
208, 2*24, 220, 20.5, 28 1, ike. 

German Ocean, Mr Stevemson ou bed 
of, .221. 

Gey.ser,H, or hot sju’ings, 124. 

Geysers of Iceland, dei>o.sits from, 3‘28. 
Glacial or bouldcr-clay epoch, 29!l-:il)l. 
Glaciers, .11. 

Gdyphea, an oolitic cnistacean, 250. 
Gneiss, us a gro>i)>, 130. 

Gdpliert, on fossil vegetalion, 2(1.8. 
Gold-veins, ))osi(ion of, 171. 

Granite, definition of, page 58. 

Granite, varieties of, 100. 

Granitic rucks, as a class, 108-115. 
Granitic rocks, characteristics of, 112 ; 

distribution of, 113 ; uses of, 115. 
Granitoid and granitiform, 10.8. 
Granul.ir texture of rucks, 84. 

Graphite, definition of, jiagc 57. 
Graidiito, uses of, 141. 

Gvai>tolites, figured, 108, 

Gravel, definition of, page 50. 

Gravels, metalliferous, iu valleys, .311. 
Greensand group, 207, 270. 

Greenstone, definition of, page 59 ; 119. 
Grit, delinition of, page 50. 

Griffith’s Map of Ireland, 309. 

Grou]), ns used in clas.sificiitiou, 100. 
Gryphaca, figured, 250. 

Guano, origin and extent of, 341. 
Guyot’s “ Earth and Man,” 38. 
Gyiisum, definition of, page 57. 

ITalcyornis, tertiary bird, 289. 
llalithore, tcrti.ary cetacean, 290. 

Hall’s “ Silurian papers, 174. 
llamites, figured, 271. 

Hammers, for geological purposes, 308. 
Hard and soft, in mineralogy, 84, 86. 
llastings Sands, 248. 

Hecl.a, ei'uptions of, 334. 

Ucjiolites, Silurian coral, 103. 


Ilerschcl’s “ Elcrncnts of Astronomy,” 
38, 205. 

ilibbert, ou Volouuocs of Rhine, 308. 
Himantopterus, figured, 184. 
Holoptyehiu.s, figiirod, 178. 
Huloptychius llibbertii, figured, ISO. 
Hopkins’ “ Terrestrial Magiietisni,'’ 149 
llornhlciidc, Hornblende - rock, i'c., 
page 58. 

llonistoiie, dofuiition of, page 58. 
iluinan remains in recent dciiosits, 341. 
Huttoni.ans, views of, 98. 
llyla-osaurus, forest saurian, 257. 
llypersthene, page 58. 

Hypogenc, application of the term, 133. 
Hypuzoie, use of the term, 1U2, 134. 

luKBK.ao, 44. 

Ic'lmites or fossil footprints, 228, 
Ichiiology, science of fossil footprints, 
228. 

lehtliyodorulitcs, figured, 178. 
Ichthyosaurus, figured, 251. 

Igneous accumulations of modern dale, 
^331-335, 

Igneous rocks, classification of, 103 ; 
theories of formation, 107, 131 ; va- 
rieti*8 of, p.ake 58. 

Igneous or niistratilied rocks, 70. 
Igneous or volcanic agency, 01-65. 
ludiisial limestone of Auvergne, 237. 
Infusoria in lake-doposits, 319; in mo- 
dern marine deposits, 320. 

Infusurial accumulations, ,56, 287, 340. 
Inoceramus, figured, 193. 
liiseets of the oolite, 205. 

Jiiterstratified igneous rocks, 74. 
Ironstone in eoal-me.asures, 201. 
Ironstone of the oolite, 2.59. 

Jaokson, ou Minerals and their Uses, 
:)70. 

Jardino on fossil footsteps, 239. 

.Jasper, definition of, [lagc 58. 

Jet, definition of, page 57. 

Juhnstou’H (Professor) Economy of a 
Coal-field, 208 ; his Geology oi' Agri- 
culture, 370. 

Johnston, A. K., “ Physical Atlas, 38, 
331. 

Joints in limestone, 192. 

Jukc.s’s ‘’Physical Geology," 79. 

Kami’Ecauis, cmstiicean, figured, 184. 
Kaolin, or china-clay, uses of, 115. 
Kelloway rock, member of oolite, 240. 
Kuuper, of Tri.xssie system, 223. 
Kimmcridgc or “ Kim coal,” 249. 

King, on Permian fossils, 221. 

Knipo’a Map of England, :!09. 
Kupfcr-schiefer or coppor-slato, 218. 

TjAbyrinthokon, figured, 227. 

Lake or lacustrino deposits, recent, 
316-319. , „ 

Eamarck. development theory of, 357. 
Larninarian zone of life, 65. 

Land and water, distribution of, 33, 34. 
Landscape-gardening and geology, 363. 
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Larul-valuator ami geology, 362. 

Lava, varieties of, j>agc ; 12L 
Lea, on fossil footprints, 2;i0. 

Leda oblonga, figured, "03. 
fjchinanu’s arraugcineut of strata, 98. 
Leibnitz, his division ol rocks, 98. 
Leiiidodendron, figured, 196. 

Lias ur Liassie group, 2-13. 

Lignile, definition of, page fiT. 

Lignites of various tertiary tracts, 

LiniestAiuc, definition of, page 57. 
Tindley and Hutton’s “ Fo.ssil Flora,” 
161, 20M. 

Lingula, figured, 108. 

Lithograpliie state, 259. 

Lithology, as differing from Paltcouto- 
logy, 150. 

Tfithornis, tertiary bird, 289. 

Littoral zone of life, 65. 

Llandeilo series, sihiriau, 105. 

Lodes, nature of, 7.5. 

Loess or lehin of the Hliino, 312. 

London clay, 2sr>, 286. 

Lower eoal-incasures, lsS-190. 

Ludlow series, Silurian, 165. 

Lydian stone, definition of, page .58. 
Lyell's " Principles of Geology,” 1»7 , 105, 
308, <te. 

MAcri'M-ocn's Classification of Hocks, 
91, 1.12; Map of Scotland, 369. 
■Machairodns, tertiary carnivor, 290. 
Magnesian liniestono, definition of, pagO 
57 ; lithology of, 211 ; origin of, 220. 
Mammoth, or eleplias inamogenins, 
310. 

Mantell’s ‘‘Medals of Creation,” 161; 
his Geology of Sussex, 265; S. W. of 
Mnglaiid, 2Sl, 

Maps, geological, 309 ; colouring of, .'570. 
flapping geological formations, 370. 
Marble, definition of, page .57. 

M.u'iuo deposits, of post-tertiary epoch, 
:i‘20-326. 

Marl, definition of, page 57. 

IMarl, varieties of, in modern lnkc.s, 
318. 

JIai snpitcs of chalk, figured, 2T1. 
Mastodon, figured, 2.80. 

Manrv’s ‘‘Puysical Gcogr.aphy of tho 
So, a' " 38. 

Jlegaeerus hibcrnicn.s, or Irish elk, 
310. 

M<'galonyx, terti.ary edentate, 289. 
Megatherium, figured, 2.S9. 

Mesozoic, use of the term, 102. 

Metals, n.ative, ami in ores, p.agc 59. 
Jletallie compounds descrihed, page 50- 
Metaniorphic system, 133-119. 
Metamoi'iihism, Iluut’.s rc.scarches, 147- 
1 19 ; causes of, 147-148. 

Mica, uses of, 115. 

Mica, Mica-schist, definition of, page 58. 
Mica-schist, .as a group, 136. 

Microlostes, triassic quadruped, 2‘29. 
Miller's “Old Hud Sandstone, ” 186; 

his “ Footprints of Creatiou,” 280. 
Millstone Grit, group, I'JL 


Minerals, simple, dc.scribcd, page 57. 
Minci-al compo.sition of rocks, 85-01. 
Mineral speciijicns, collection of, 5372. 
Mineralogy, system 8 of, 372. 

Milling, as connected with Geology, 300. 
Miocene, meaning of term, 284 ; com- 
position of, 285. 

Mississippi, delta and plain of, 314. 
Moraines of pleistocene era, 360, 

Morris, bis “Catalogue of British 
Fossils,” 161, &c. 

Mo.so.sauriis, reptile of the chalk, 272. 
Mountain-limestono group, 101-103; 

fossils of, 193. 

Mmi, definition of, page .56. 

Mudstone, definition of, page 56. 

Mull, lcaf-bed.s of. 

Miircliison’s “ Silurian System " and 
“Siluria,” 174, LSt;; hi.s “ Hussia in 
Europe,” 174, 186, *221. 

Murebisonia, figured, 16.8. 

Mn.sclielkalk of trias, ‘223. 

Mussel-b.auds, or mu.s.sel-binds, 106. 

Natica claitsa, figured, 303. 

Natron, deposits of, 60. 

Natural history, ohject of, 1. 

Neoeotniaii or greensand group, 267. 
Neozoic, application of term, 102. 
Nei>tnni8t8, opinions of, 98. 

Nerinie.a, figured, 256. 

NeuropteriH, figured, 11*7. 

NieoH’s “ Manual of Mineralogy,” 04. 
Nitrates of soda .and jiuLash, 60, and 
iKigc 50. 

No’ggerathi.a, rermian jilant, figured, 

21 i. 

Nototheriiim, tertiary mar.snpial, 280. 
Niimmiilitc liiuestono, 287. 

OasiDiAN, volcanic product, 124, 127. 
Ocean, constitution of, 35 ; temperature 
of, 3(1 ; density of water, .36. 
Oco.an-curreiits, effects of, 50. 

Ochre from coal-mcasnrc.s, 201. 

Old Heil saiulstonc, 175-186; scenery, 
180 ; dislribuliuu of, LSI; economic 
products of, 182. 

Oolitic group, 244 ; origin and formation 
of, 262. 

Oolitic system, ‘240-'J65 ; lithology of, 
242; paheoiitolugy of, 210; physical 
aspects of, 254 ; industrial jirnducts, 
259. 

Optical properties of minor.als, 87. 

Order of succession explained, 101. 
Organic accumulitions, 335-342. 

Organic agencies, 54-57. 

Ormcrodon Now Red sandstone, ‘230. 
Ornithichnitc.s, bird foot-in ints, 228. 
Orthoeeratite. figured, 168, 193. 
Oryctology, defined, 15. 

Ossiferous gravels and breccias, 297. 
Outcrop ill stratification, 71. 

Outlier in stratification, 73. 

Overlap in stratification, 72. 

Overlying igneous rocks, 74. 

Owen on Oolitic Mammals, 266 ; his 
British Fossil Mammals, 303. 
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r,viNTiNo, as connected with Geology, 

364. 

raliEoniacus, Pernuan, figured, 214. 
PaUcoruia, of the oolite, 251. 
i’aliroutographical Society’s Metnoira, 
303. 

Palieoutology, as a seicncc, 150-160. 
Pakeoiitology, delined, 15. 

PaUcotliorium, figured, 280. 

Paheozoio, use of the term, 102. 
Palagoiiitc, and palagonite-tufl, 124.^ 
Palaptcryx, sub-fo3.sil bird of New Zea- 
land, 310. 

r.ahoacite.s of the oolite, 241). 

Pampas of America, origin of, 317. 
I’apier-kohle, or iiajicr-coal, 2115. 

Parka decipioiia, ligured, 17.S. 
Parkinson's “Organic Ueniains,” 208. 
Pearlstono, volcanic jiroduct, 121. 

Peat, growth, extent, and varieties ol, 
335 ; uses of, 346. 

Pecoptevis, figured, 107. 

Pecten islandiciiH, figured, 303. 
I’cgmatite, variety of grairito, 101). 
Pelatodiis, figured, 103. 

Permian System, 2()1)-221 ; origin of 
term, 2U0; area of, 215; industrial 
products, 2hS. 

Petrifaction, origin of term, 7. 
Petrifaction, proeo.s.ses ol, l.'.>2. 
Petroleum, springs and lakes of, 
Plnescolothcrium, oolitic mamm.al, 257. 
Phillilis’ (W.) “Geology of England,” 
2S1. 

riiillipH’ (Professor) " Manual of Geo- 
logy," 105, 205, i.'ke. ; his “Geology of 
Yorkshire,” 265, 308. 

Phillips’ '* Manual of Metallurgy," 37G. 
Phouolitc, or cliukstone, 110. 
Pho.spliatle uodnles of the elialk, 277. 
Physics of the Earth, 37, 38. 

Pictet's “ rala'ontograi>hie,"161. 
I’iue-rafts of N. America, 330. 

Pisolite, roestono and oolite, 241. 
Pitclistone, 120. 

Placoid order of fossil fishes, 158, 
I’hmctary relations of globe, 18. 
PliiLysomus, Permian, figured, 214. 
Pleistocene group, 2y0-3ol. 
Plesiosaurus, figure of, 251. 

Plioceuc, meauiiig of term, 281 ; com- 
position of, 286. 

Plumhago, usc.s of, 1 11, 

Plutonic, as Opposed to Volc.anic, 112. 
Poikilitic, syuonymo of New Red, 200. 
Porphyry, ilefimtiou of, page 59 ; 120. 
Portland stone or oolite, 246. 

Potfitoue, definition of, page 58^ 
Prairies, supposeil origin of, 3l'7. 
Primary, primitive, meaning ol, 98. 
Primordial zone, Silurian, 172. 
Productus, figi ircd , 1 93. 

Psinnmodus, figured, 193. 

Pterichthys, figured, 178. 

Ptcrodactyle, figure of, 251. 
Ptciygoliis, fragments of, figured, 1(8. 
Ptychoecnvs, fig\irod, 271. 

Pumice, definition of, page 59 ; 124. 
Punico, uses of, 127. 


Piiozzolana, volcanic product, 124-127. 
Purbcck beds, position of, 246. 
Pyrogenous or igneous roeks, 107. 
Pyroplastic and pyro-crystalliuc roeks, 
112. 

Quartz, Quartz-rock, definition of, page 
57 ; a.s a group, 136 ; uses of. Ml. 
Quartzite, ddinitiou e»f, iiage 58, 

Ragstones, origin of term, 214. 

Rain, falls of, 47. 

Riiinsay on Permian IJreccias, 221. 
Representative species, 292. 
Retiuu.sphalt, tertiary fossil resin, 205. 
Riehardsini’s Geology, by Wriglit, 161. 
River-TvU'raccs, furmatiou of, 311. 

Roches niontomu'cs, .301. 

Rock, and rock-lbnnaiions, defined, 68. 
Uoek-.salt deposits of England, 231 ; 
origin of, 236. 

Rock specimens, collection of, ,372. 
Roestone, or oolite, 244. 

Roll, or llexure, in strata, 7‘2, 
ibibble, dolinition of. page 56. 

Ruskin on I.undscape, quoted, 361. 

Sagcharoii) texture of rooks, 84. 
Sad<llcb.iek, or anticline, 72. 

Saliferous, or .New Red system, 299* 
Haline eomponnds dcserilMsl, page 59. 
Haline deposits of iiK'derudate, 329. 

Halt springs nf trias, 234. 

Hand, definition of, page 55; uses of, ..16. 
Haml-drifl.of post-tcrtiaiy epoch, 323. 
Hand-dunes, 4:!. 

Handsbine, definition of. page 56. 
Sauroidichiiitcs, reptilian foot-i)rint,s, 

HaJlfciva rngosa, figured, 3(13. 

Kcaidiites, ot elialk, figured, 271. 

Schist, schisto.se, defined, .82. 

School of Mines, Records of, 208. 

Hcorke, deliiutioii of, page 59 ; 124. ^ 

Seropo’s “ Geology of Central Eraiiec, 
308 . 

Hceondary, application of tonii,_98, 99. 
Seetion, rock-scctioli, defined, 71. 
Section, how to construct, 76. 

Sedgwick on Silurian roeks, 17! ; on 
magnesian limestone, 221. 

Sediment, definition of, 51. 

Serpentine, definition of, [lago 58 ; 110. 
Herpontine, uses of, 141. 

Hcrpulitc.s, Silurian, 168. 

Shale, shaly, use of term, page 56 ; .82. 
Shcll-bed.s,' growth and extent of, 339. 
Shell-marl, origin and nature of, 318- 
Shingle, definition of, nago 56. 
Shingle-beac.hc.s of modern seas, 324. 
Sigillaria, figured , 196. 

SiliceoviH deposits of roo^loru date, 

Silt, definition of, page 56. 

Silurian system, 162-174. 

Sinter, defined, 59. 

Sivatherc, tertiary ruminant, 290. 
Slate, definition of, page 56, 626 
Slip or hitch in stratification, 75. ^ 

Smith, “ father of English geology, 99. 
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yttiith of Jordanhill on tortiarics, 308, 

Soapatoiio, dcflniliou of, paiJfc 58. 

Soil, naturo anJ formation of, 312; per- 
manent improveniont of, 303. 

Solfataras, naturo of, 12'}. 

Somerville, Mrs, " Physical Gcogmphy,” 
38. 

Sorbj’, his lihysical resoarches, 14!), &c. 

Sowerhy's “ Minural Conchology,” 101, 
208. 

Spalacotberium, oolitic mammal, 261. 

Siiatnngus of chalk, tigured, 271. 

Sphenopteris, fossil fern, 197. 

Spirifer, figured, 103. 

Spi'iiigs. variou.s, 40. 

Stage, as used in elassifu^ation, 100. 

Stalactites and stalagmites, formation 
of, 50, 327. 


Tidal currents, 34. 

Tilt-up, in stratification, 71. 

Trachytes, varietio.s of trap, 120, 
Transition in Geology, definition of, 98. 
Trap, trap-rock, definition of. p.age 50. 
TrapfKian rock.s as a class, 11 0-122 ; ori- 
gin of, 117 : varieties of, 110 ; distribu- 
tion of, 120 ; uses of, 122. 

Truss, or volcanic tufa of lUiino, 331. 
Travertine, origin of, 827. 

Triassic system, 222, 238 ; origin of term, 
222 ; area of, 232 ; prt)duct8 of, 231. 
Trignnia, figured, 2.''i0. 

Trilobitc-s, various, figured, ICS. 
Tropbon clatbratum, figm’cd, 303. 
Trough, ba.sin or syncliiie, 72. 

Tschudi, Von, on mountain ranges, 331, 


Stalagmites, defined, 60. 

Steatite, definition of, page 58. 
Stigmaria, figured, lOfi. 

Stinkstein, or Swinostuno, 102. 
Stratified or sedimentary rocks, CO. 
Stratum, defined, 81. 

Strike, in stratification, 71. 

Structure of rocks, 81. 

Htylouurus, crust, aceaii, figured, 184. 
Sub-fossil condition of po.st-tcrtiary ro- 
maims, 309. 

Sub-m,arino forests on British coasts, 
82(i. 

Sulphur, defined, page .50. 

Sulphur, economical value of, 127. 
Syenite, definition of. page .58 ; 100. 
Syiicllnc, Hyncliiial strata, 72. 

System, as u.sed in geology, 100. 

Tabu I; AH structure of rocks, .S3, 

Talc, talc-schist, page 68. 

Talus, defined, 44, 

Teeth, jialatal, figured, 103. 

Telerpcton Elginense, 17.S. 

Temperature of Earth, external and in- 
tcnual, 20-29, 

Tcrehratula, figured, 103. 

Tenace.s, or ancient river level.s, 311. 
Tertiary epoch, scenery of, 204 ; igneous 
rocks, 20.'i ; industrial products of the 
system, 29.5. 

Tertiary system, 282, 808; division of, 
281 ; palirontology of, 288 ; physical 
features, 201. 

Texture of rucks, 81. 

Theoretical deductions of geology, 366. 
Theories of creation, various, 307. 


Ur.l.Ail BU.ND, upheiival of, 332. 
Unconformable .strata, 72, 

Urc’.s “Dictionary of the Arts and 
Sciences,” .370. 


Valubys of erosion, 51, 

Vegetable drift, 330. 

Vegetable growth, effects of, 55. 
Ventriculites, chalk sponge, 271. 

Veins, nature of, 75, 

Vc.sicular or cellular tu.xture, 84. 
Vo.sliges of Cre.ation, ,357. 

Wilcanic agency, effects of, ()1-(I5. 
Volcaiiie eeiitrea, frequency of, 331. 
Volcanic rocks .as a class, 123-127 ; origin 
of, 124; varieties of, 124; extent of, 
120; uses of. 127. 

Volcanoes, moderu discharges from, 331. 
Von Buell and D’Orbiguy on Ammonites, 


205. 

Von Decken on Rhenish Tertiarios, 308. 
Vulcani.sts or Uuttoniiu\.s, 98. 


Wauciiia, jicrmian fo.ssil, figured, 214. 
Warp, or tidal silt of rivers, 322. 
Woaldeii or weald group, 247, 

Wenlook Series, .Silurian, 10.5. 

AVerncr, his views of clas,sificatioii, 08. 
Werncri.ans, views of, 08. 

Williams’ “Mincr.al Kingdom,” 208. 
Woodward's “ Living and Fo,ssil Shells,” 
Kil. 

Wright’s edition of Uichardsoii’s Geo- 
logy, 101. 

Zooi-OGY as connected with Geology, 
360 
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